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HERE IS HOW THIS REMARKABLE PROTEC- 
TIVE COATING CAN SAVE YOU MONEY: 
1, Only one cross spray coat over a primed sur- 
face is required for complete protection —this 
means lower labor costs. 
2. Fewer scaffolding and rigging shifts are 
required. Eac 
3 ; : y wit! 
3. Less down time—dries to touch in minutes, aii 
eliminates the risk of contamination between diff 
coats. lane 
4. Greater thickness means longer life—lower ord 
cost per square foot per year. I 
mat 
acteristic helps provide extra bui 


Amercoat 87 combines the time-tested chemical 
and weather resistance of vinyl coatings with 
the thickness of conventional mastics, yet is 
easily applied with standard industrial spray 
equipment. 

We will be pleased to send you our technical 
bulletin describing this coating in detail. 
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Hot spray. Film-thickness gauge measures single 
coat of paint sprayed hot. Gauge reads 2.1 mils. 






Cold spray. One coat of the same paint sprayed 
in conventional manner measures only .8 mils. 
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Film-thickness gauge reveals DeVilbiss 
hot spray puts on more paint per coat! 


Each of the steel panels in the test above was sprayed 
with a single coat of black vinyl paint. But the results 
measured on the film-thickness gauge show one important 
difference — the paint on the hot-sprayed panel is nearly 
three times heavier than that on the one sprayed by 
ordinary methods. 

By the controlled application of heat to the spray 
material, DeVilbiss hot spray gives you heavier film 
build . . . even with standard formulations. 















Hot spray goes fo the job 
—anywhere—with this new 
DeVilbiss Portable Paint 
Heater! Self-contained on 
easily moved truck, it is 
complete with automatic 
controls. Heat-jacketed hose 
—available in lengths up to 
50 feet—keeps paint hot 
right up to the gun. Write 
for Bulletin 1E-114B. 


What’s more, materials can be applied efficiently at far 
lower spraying pressures, greatly reducing spray fog, and 
resulting in up to 50% savings in material. Finishes dry 
faster; shrink less; come out glossier. And because fewer 
passes are needed, operator fatigue is cut way down. 
DeVilbiss hot spray is usable on all types of products; 
can be your means to better finishes at lower costs. For 
facts on just how much DeVilbiss hot spray can save you, 
call your nearest supplier now! Or write for Bulletin F-286. 


THE DEVILBISS COMPANY 
Toledo 1, Ohio 


Santa Clara, Calif. « Barrie, Ontario * London, England 


BRANCH OFFICES IN PRINCIPAL CITIES 


FOR BETTER SERVICE, BUY 


TR ts 
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MAGNESIUM for cathodic protection 
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A sample of every melt is rushed to the lab for spectrographic analysis via a pneumatic tube similar to those in department stores. 


Spot check? No sir— Each Magnesium Anode is 


QUALITY CONTROLLED 


Quality control is no idle phrase at Dow’s Madison, IIlinois, 
mill. Every magnesium anode produced there meets rigid 
production requirements before it goes out into the field. 
And because quality is consistently high, users of Dow 
magnesium anodes get consistent results in terms of better 
cathodic protection. 

Here’s how it works: A sample of every melt is analyzed 
by spectrograph before pouring. The sample is dispatched 


to the lab by means of a pneumatic tube system. An im- 
mediate check is made and results are phoned back to the 
foundry before the O.K. to pour is given. 


More effective protection. All this adds up to more 
effective, more dependable protection. Any of the Dow 
anode distributors listed below can show you big savings 
for your specific applications. Call one today. THE DOW 
CHEMICAL COMPANY, Dept. MA 379P-2, Midland, Michigan. 


CALL THE DISTRIBUTOR NEAREST YOU: Cathodic Protection Service, Houston, Texas « Corrosion Services, Inc., Tulsa, Oklahoma 
¢ Electro Rust-Proofing Corp. (Service Division), Belleville, N. J. ¢ Ets-Hokin & Galvan, San Francisco, Calif. © Royston 
Laboratories, Inc., Blawnox, Penna. « Stuart Steel Protection Corp., Plainfield, N. J. © The Vanode Co., Pasadena, Calif. 


YOU CAN DEPEND ON 
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By R. V. Skold and T. E. Larson 


Lead Cable Sheath Corrosion Under Cathodic Protection Conditions 
By Walter H. Bruckner and Ray M. Wainwright 


TECHNICAL COMMITTEE ACTIVITIES 
70 Technical Committees Meet at St. Louis 
Tentative Committee and Technical Program 


Sweet Oil Well Iron Content 
Anomaly to Be Investigated 


Inhibitor Screening Method Satisfactory 
Roach Heads Canadian T-7 Coordinating Committee 
Coated Tubing Experience Reported to T-1C 


Magnesium Cased Inhibitors 


Give Good Results in Salt Water Wells 
Improved Methods Urged for Using Inhibitors 
Corrosion in Pipe Line Oil Wells Reported to T-1C 





Fourteen Exhibitors Added to 
St. Louis List 


(Continued on ies 4) 


Copyright 1957 by the National Association of Corrosion Engineers. Reproduction of the contents, either as a whole or 
in part, is forbidden unless specific permission has been obtained from the Publishers of CORROSION. Articles presented 
represent the opinions of their authors, and not necessarily those of the Editors of CORROSION, nor the Officers or 
Members of the National Association of Corrosion Engineers. Manuscripts to be considered for publication should be 
forwarded, together with illustrations, to the Editor of CORROSION, 1061 M & M Building, Houston 2, Texas. 





Night Credit Course on Corrosion 


Is Offered 
Japanese Electrolysis 
Committeemen Meet 
Metals Congress Schedules 
Corrosion Panel Session 


Appalachian Underground Course 


Set for June 5-7 


Parthian Electroplaters 
Used Primary Cell. . . 


CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


(Continued From Page 3) 


GENERAL NEWS 


Page 

Pores in Electroplated 

114 Coatings Can Be Located... 
Book News ... 

114 Seahorse Institute Sessions... . 
Outdoor Storage on Agenda at 

114 Materials Handling Meet 
Magnetic Particle Coating 

114 Photographs Published 
New Products 

114 Men in the News .. 


Index To Corrosion Abstracts 


Index to Advertisers. 


is corrosion 
research one 
of your problems? 


When you look into a corrosion problem do you ever 
want to know what has been published that might 
help you reach a solution? 


Do you ever have questions about temperatures, ve- 
locities, pressures or other factors important in con- 
trolling corrosion? 


Would it help you to know what has been tried 
already, successfully or not, to solve problems similar 
to the ones you face? 


Did you ever spend hours or days searching through 
literature for information you remember seeing but 
can’t remember where? 


When you are asked about the suitability of a ma- 
terial for a certain job, can you learn quickly 
whether it ever has been used or not? 


Almost every one working on corrosion control frequently faces 
these or similar problems. The convenient semi-automatic sorting 
of NACE punch cards makes these questions easy to answer. If 
you need answers to questions like these it will pay you to look 
into the punch card service. 


NACE Punch Card 


Abstract Service 


Some Back Issue Subscriptions Are Available 


Write today for illustrated information on this 
valuable research tool to: A. B. Campbell, 
Executive Secretary, National Association of 
Corrosion Engineers, 1061 M & M Bildg., 


Houston 2, Texas. 


THIS MONTH’S COVER—J. M. Fouts, New 
York Telephone Co., Buffalo (standing) and 
C. A. Erickson, People’s Natural Gas Co., Pitts- 
burgh (seated) respectively chairman and vice- 
chairman of T-7 Corrosion Coordinating Com- 
mittee examine a copy of the Report of the 
Correlating Committee on Cathodic Protection 
which the committee expects to review for pos- 
sible revision and republication. 
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“B TYPE RR ANODE LEAD WIRE 
CONNECT LEAD WIRE TO HEADER CABLE 
*1/0 TYPE RR SINGLE CONDUCTOR STRANDED COPPER CABLE 


GROUND BED CABLE 

“oO TYPE RR WIRE 

CADWELD CONNECTION 
*32 CARTRIDGE 


TAPE CONNECTION 


PER WRITTEN SPECS 
TERMINATE 
rs wrogrunr rar || NeeSti a 


ALL SPLICES BE 
ANODE LEAD 
ABSOLUTELY WATERPROOF IY sa type RR WIRE 


DETAIL OF ANODE CONNECTIONS 


HARCO CORP PROPOSED CATHODIC PROTECTION 
STEM FOR CITY OF LEXINGTON 
P.O BOx 7026 MUNICIPAL HOUSING COMMISSION 
CLEVELAND 28 OHIO HOUSING PROVECT KY-4-1 


W-F Re [ore 66-56] n0 20271 LEXINGTON, KY BED NO | 


specified for cathodic protection system 


HARCO CORPORATION, Cleveland, Ohio Cathodic Write for FREE Bulletin 656-10. Your local 
Protection Engineering Firm specifies CADWELD CADWELD Cathodic Protection Dealer’s name on 
Electrical Connections on cable-to-cable and cable- request. 

to-pipe connections. 


A recent installation involved CATHODIC 
PROTECTION of four complete Housing Projects 
at the City of Lexington Municipal Housing Devel- 
opment, 


Harco uses CADWELD connections because Erico Products, inc. 


they insure constant low resistance for the life of 2070 E. 61st Place ° Cleveland 3, Onio 
the Cathodic Protection system CADWELD con- IN CANADA: ERICO INCORPORATED, 3571 Dundas St., West, Toronto 9, Ontario 
nections require minimum time for application and 

result in lower installation cost. 
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CANADIAN REGION 


George E. Best, Director; 
Mutual Chemical Division, 
Allied Chem. & Dye Corp., 
Block St. at Wills, Balti- 
more 31, Maryland 


J. D. Bird, Chairman; The 
Dampney Company. 50 Busi- 


A. R. Murdison, Director; Im- 
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Dept., 56 Church Street, To- 
ronto, Ontario, Canada 


T. R. B, Watson, Chairman; 
Corrosion Service Ltd., 21 
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® Edmonton Section 


Malcolm W. Clark, Chairman; 
11530—71 Avenue, Edmon- 
ton, Alberta, Canada 
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: ° - A. M. Byers Company, 7 St. 
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James G. Wynne, Vice-Chair- = 2, 1 Maryland 
man; Imperial OU 144., Pro- Curtis H. Elliott, Jr., Vice- 
pa tee ee Red- Chairman; Davison Chemical 
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Grace & Company, Curtis 
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A. Clifton Burton, Secretary- 
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Lead & Smelting Company, D. K, Priest, Chairman; The 
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Quebec, Canada V. M. Kalhauge, Vice-Chair- Monsanto Chemical Com- John D. Hopkins, Vice-Chair- 
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®@ Toronto Section P. O. Box 5910-A, Chicago Plant, Monsanto, Il. 1000 Lexington Avenue, id: 
80, Ill. Wallace C. Philoon, Treasurer; Rochester, New York acid % 
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® Hamilton-Niagara Section 

H. W. Hyslop, Chairman; 
United Gas & Fuel Co., of R. W. Flournoy, Chairman; 
Hamilton, Ltd., 82 King St. Corn Products Refining Com- 
E., Hamilton, Ontario, Can- pany, P. O. Box 345, Argo, 
ada. Illinois 


® Central New York Section 


F. C. Jelen, Chairman; Solvay 
Process Division, Allied 
Chemical & Dye Corp. Syra- 
cuse 1, New York 


Orrin Broberg, Vice-Chairman; 
Lamson Corp. Syracuse, 
New York 


Jack Yates, Secretary-Treas- 
urer; Niagara Mohawk 
Power Corp, 300 Erie Blvd. 
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®@ Chicago Section 


A. H,. Carr, Chairman; Kop- 
pers Products Ltd., Com- 
merce & Transportation 
Bldg., 159 Bay Street, 
Toronto 1, Ontario, Canada. 

H. A. Webster, Vice-Chairman: I. J. Acosta, Treasurer; Crane 
Corrosion Service Ltd., 21 Company, 4100 s. Kedzie 
King Street, East, Toronto, Ave., Chicago Illinois 
Ontario, Canada. 


@ Kansas City Section 


J. cC. Berringer, Chairman; 
Panhandle Eastern Pipeline 
Company, 1221 Baltimore 

F. Farrer, Treasurer; Trans- Avenue, Kansas City, Mo. 
Northern Pipeline Co., Ltd., © Cleveland Section A. L. Kimmel, Vice-Chair- 
696 Yonge St., Toronto 5, A. G. Hose, Chairman; The man; Tnemec Company, 123 
Ontario, Canada. Lindsay Wire Weaving Co., West 23rd Ave., North Kan- 

W. A. Landon, Secretary; Con- a aaa Ave., Cleve- sas City, Mo. 
sumers’ Gas Company, Ltd., an , °. 

36 Mutual Street, Toronto, a ee 
Ontario, Canada. ae 


® Greater Boston Section 


Edward C. Rue, Chairman; 
Boston Edison Company, 182 
Tremont Street, Boston 12, 
Massachusetts 


Robert J. Malley, Secretary- 
Treasurer; Deady Chemical 
Company, 1401 Fairfax Traf- 
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Corlett, Vice-Chairman; 
Harco Corp., P. O. Box 7026, 
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® Vancouver Section 


F. Mitchell, Chairman: Ellett 
Copper & Brass Co. Ltd., 92 i 
West Second Avenue, Van- Section 
couver 10, B, C., Canada ‘ Cliff Jones, Chairman; Cincin- 
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. McLaughlin, Vice-Chairman; pants Seat nati Gas & Electric Com- 
Industrial Coatings Ltd., 1920 Walter R. Cavanagh, Chair- pany, 2120 Dana Ave., Cin- 
Main Street, Vancouver 10, man; Parker Rust Proof cinati 7, Ohio 
B. C., Canada Company, 2177 E. Milwaukee Sol Gleser, Vice-Chairman; 


. Grey, Secretary; B. C. Elec- Street, Detroit 11, Mich. A. M. Kinney, Ine., 2905 Co., ee > so a Charles- 
tric Co., 129 Keefer Street, Vernon Place, Cincinnati 19, ton 24, West V. 
Vancouver, B. C., Canada Ohio George Walther, Secretary; 


es i Ain avenc ith Miaiadiaiiss Westvaco Chemical Div. 
° ° yns a, s ; pi : 
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¢ 3 . eh os Che . . 
Vancouver 9, B, C., Canada PEOLED a Syma eae R. Leonard Wood, Treasurer; 


Fred Lloyd, Treasurer; United 
B. H. Levelton, Trustee; B. C. L. W. Gleekman, Treasurer; Cincinnati Gas & Electric Fuel Gas Co., 1033 Quarrier 
Research Council, University Wyandotte Chemical Com- Company, General Engineer- St., Charleston 25, West Va. 
of B. C., Vancouver 8, B. C., pany, Biddle Street, Wyan- ing Dept., P. O. Box 960, 
Canada dotte, Mich. (Continued on Page 8) 


J. F. Bosich, Secretary-Treas- 
urer; Diamond Alkali Co., 
Painesville, Ohio, 


®@ Kanawha Valley Section 


Jack Bates, Chairman; Car- 
bide & Carbon Chemicals 
Company, 437 MacCorkle 
Avenue, 
West Va. 


George Klohr, Vice-Chairman; 
E, I. du Pont De Nemours 


® Southwestern Ohio 
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Robert P. Marshall, Vice- 
Chairman; Saran Lined Pipe 


Company, Saran Protective Wilbur Hare, Secretary; Hare 
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U.S.I. CHEMICAL NEWS 


A Series for Chemists and Executives of the Solvents and Chemical Consuming Industries 


Greenleaf to Handle Market 
Development of Zirconium 


And Titanium for U.S.I. 


William C. Greenleaf 
has been named Man- 
ager of Metals Devel- 
opment for U.S.I. and 
will be responsible for 
market development 
and sales of zirconium 
and titanium sponge, 
to be produced from 
U.S.1.’s two new plants 
now being built in 
Ashtabula, Ohio. 

A recognized author- 
ity in the field of zirconium and titanium, 
Mr. Greenleaf presented three papers during 
the 1955 Atomic Industrial Forum Zirconium 
Program, describing (1) melting of zirconium, 
(2) fabrication of zirconium, and (3) zir- 
conium mill products and prices. He also con- 
ceived and developed processes now in general 
use for producing both wide-sheet and flat-bar 
titanium and zirconium by continuous strip- 
mill techniques. 


Faye Named Manager of 
Sodium Product Sales 


Martin Faye has been 
named Manager of 
Sodium Product Sales 
for U.S.I. and will be 
responsible for coordi- 
nating sales and sales 
promotional activities 
for metallic sodium, 
“U.S.1. Isosebacic” 
acid and related prod- 
ucts. 
Mr. Faye joined the 
U.S.I.-National Dis- 
tillers organization in 1952 in the Market Re- 
search and Development Department. 


TECHNICAL DEVELOPMENTS 


Information about manufacturers of these 
items may be obtained by writing the 
Editor, U.S.1. Chemical News. 


A zirconium-copper alloy now available is re- 
ported to combine high electrical conductivity 
with good strength retention at elevated temper- 
atures. Suggested for electrical motor commu- 
tators serving above 500°F where strength is 
needed. Conductivity is 95.8% of copper. No.1193 


Titanium wire cloth is now on the market in 
sizes from 60 mesh to coarser grades. It is re- 
ported to be particularly suitable for filtering or 
screening highly corrosive materials. No. 1197 


DUSTRIAL CHEMICALS CO. 


Division of National Distillers Products Corporation 


99 Park Avenue, New York 16, N. Y. 


7 


Prepared by U. S. Industrial Chemicals Co. 


Zirconium and Titanium Lick 
Roughest Corrosion Problems 


Metals to be Available at Lower Cost in Future; 
Provide Long-Lived Materials of Construction; 
Complement Each Other on Corrosion Resistance 


It is now practical to fabricate equipment which is corrosion-resistant to almost 
every substance encountered in industry, by using either zirconium or titanium 


metal. Alloys of either metal, or possibly both, 
may extend the range even further. 

Industrial applications of these metals have 
been hampered by two considerations: avail- 
ability and price. Zirconium will shortly be 
produced at a rate sufficient to supply indus- 
trial needs, and titanium has been available to 
industry during the past two years. And it is 
expected that increased production of these 
metals during the next few years will result 
in significant price decreases. 

Twelve to thirteen thousand tons of titanium 
were available in 1956 and present construc- 
tion schedules indicate that the figure will 
rise substantially in 1957. U.S.I.’s new plant 
alone will add 5,000 tons to the annual pro- 
duction capacity by the end of the year. 


Zirconium will be on the market in quantity 
by mid-1957. When its new plant at Ashtabula, 
Ohio gets under way, U.S.I. will be able to 
supply 500,000 pounds or more per year to 
commercial users in addition to its Atomic 
Energy Commission commitments of 1,000,000 
pounds per year. 


New Metals Economical 


Chemical process equipment can now be 
fabricated from titanium for a little over twice 
the price of stainless steel, and it is expected 
that in the future titanium equipment will 
be only 50-75% higher than stainless. Com- 
mercial grade zirconium equipment will prob- 
ably be priced only 75-100% higher than 
stainless when volume production is reached. 


Typical Corrosion Resistances* of Zirconium and Titanium 


Corrosive Media 


Zirconium 


Sulfuric Acid 


excellent to good 


Metal Resistance 
| Titanium 


good below 5% 


below 80% 


Nitric Acid 
Hydrochloric Acid 
Phosphoric Acid 


excellent 
excellent 


excellent to fair 


excellent 
good below 10% 


poor 


below 85% 


Chromic Acid 

Aqua Regia 

Wet Chlorine Gas 
Chlorine Water 
Sodium Hydroxide 
Ferric Chloride 
Calcium Chloride 
Cupric Chloride 
Sodium Chloride 
Ammonium Chloride 
Aluminum Chloride 


excellent 
poor 
poor 
excellent 


poor 
excellent 
poor 
excellent 
excellent 
excellent 


good below 90% 


excellent to good 
excellent 
excellent 
excellent 
good below 50% 
excellent 
excellent 
excellent 
excellent 
excellent 
excellent to fair 


*Above data do not cover all conditions because of space limitations. Literature references 
may be obtained by writing the Editor, U.S.I. Chemical News, 99 Park Ave., N. Y. 16, N. Y. 


U.S.I. SALES OFFICES 


Atlanta * Baltimore * Boston * Buffalo * Chicago * Cincinnati 


Cleveland * Dallas * Detroit * Houston * Indianapolis * Kansas City,Mo. 
Los Angeles * Louisville * Minneapolis * Nashville * New Orleans 
New York * Philadelphia * Pittsburgh * Portland, Ore. * St. Louis 
Salt Lake City * San Francisco * Seattle 





Directory of 


@ Lehigh Valley Section 

John P. G. Beiswanger, Chair- 
man; General Aniline & Film 
Corp., 720 Coleman St., Eas- 
ton, Pa. 

Edmund A. Anderson, Vice- 
Chairman; New Jersey Zinc 
Co., Research Department, 
Palmerton, Pa. 

Austin K, Long, Secretary- 
Treasurer; The Glidden Com- 
pany, Third & Bern Streets, 
Reading, Pennsylvania 


@ Metropolitan New 
York Section 


F,. E. Kulman, Chairman; Con- 
solidated Edison Co, of New 
York, Inc., 4 Irving Place, 
New York 3, New York 

W. Shepard, Vice-Chair- 
man; Chemical Construction 
Corp., P. O. Box 89, Linden, 
New Jersey 

N. N. Ehinger, Secretary- 
Treasurer; Aluminum Com- 
pany of America, 230 Park 
Ave., New York 17, New 
York 


® Niagara Frontier Section 


J. M. Fouts, Chairman; New 
York Telephone Co., 63 Dela- 
van Ave., Buffalo 8, New 
York 

E. H. Caldwell, Vice-Chair- 
man; Oldbury Electrochemi- 
cal Co., 5001 Buffalo Ave., 
Niagara Falls, New York 

Walter A. Szymanski, Secre- 
tary-Treasurer; Hooker Elec- 
trochemical Co., P. O. Box 
344, Niagara Falls, New York 


® Philadelphia Section 

S. F. Spencer, Chairman; Key- 
stone Shipping Company, 
1000 Walnut Street, Phila- 
delphia 7, Pa. 

Walter W. Burton, Vice-Chair- 
man; General Chemical Di- 
vision, Allied Chemical & 
Dye Corp., Camden 3, New 
Jersey 

Robert S. Mercer, Secretary- 
Treasurer; Pennsalt Chemi- 
cals, P. O. Box 4388, Chest- 
nut Hill P. O., Philadelphia, 
Pa, 


® Pittsburgh Section 


L. G. Royston, Chairman; 
Royston Laboratories, P. O. 
Box 11312, Pittsburgh 38, 
Pa. 

A. B. McKee, Vice-Chairman; 
Aluminum Research Labora- 
tories, Freeport Road, New 
Kensington, Pa. 

H. Kalin, Secretary; U. S. 
Steel Research Laboratories, 
Monroeville, Pa. 

R. W. Maier, Treasurer; Gulf 
Oil Corporation, 4 floor, Gulf 
Building, Pittsburgh 19, Pa. 


® Schenectady-Albany-Troy 
Section 

J. F. Klim, Chairman; New 
York Telephone Company, 
158 State Street, Albany, 
New York 

R. T. Foley, Vice-Chairman; 
General Electric Company, 
General Engineering Labora- 
tory, Room 260, Bldg. 37, 
Schenectady, New York 

H. A. Cataldi, Secretary- 
Treasurer; General Electric 
Cempany, Building 7, One 

River Road, Schenectady, 

New York 


®@ Southern New England 
Section 


Cc. B. Chapman, Chairman; 
Hartford Electric Light 
Company, 266 Pearl Street, 
Hartford 15, Conn. 

D. H. Thompson, Vice-Chair- 
man; American Brass Com- 
pany, Corrosion Research 
Laboratories, Waterbury 20, 
Conn. 

E. A. Tice, Secretary - Treas- 
urer; International Nickel 
Company, 75 Pearl Street, 
Hartford, Conn. 
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NACE Regional and Sectional Officers 


SOUTHEAST REGION 


E. P. Tait, Director; Alloy 
Steel Products Co., 76 4th 
St., N.W., Atlanta, Georgia 


Fred D. Stull, Chairman; 
Texas Gas Transmission 
Corp., 401 W. 3rd St., Owens- 
boro, Kentucky 


Arthur B. Smith, Vice Chair- 
man; Amercoat Corp., Jack- 
sonville, Florida 

R. C. Martin, Secretary-Treas- 
urer; Plantation Pipe Line 
Co., Atlanta, Georgia 


® Atlanta Section 

Douglass T. Roselle, Chairman; 
Southern Bell Telephone and 
Telegraph Co., 1424 Hurt 
Bldg., Atlanta, Georgia. 


Christopher Georges, Vice- 
Chairman; Pipe Line Service 
Corp., 1734 Candler Bldg., 
Atlanta, Ga. 

Joseph A. Lehmann, Secretary- 
Treasurer; Electro Rust 
Proofing Corp., 3 Rhodes 
Center, N. W., Atlanta, Ga. 


® Birmingham Section 


H. W. Ross, Chairman, Ross- 
Henderson Company, 2116 
tockland Drive, Birming- 
ham 9, Alabama 
. A. Gibson, Vice-Chairman, 
T. Cc. & I. Div., U. S. Steel 
Corp., Elec. Lab., Sheet Mill, 
Fairfield, Alabama 
R. Hart, Jr., Secretary- 
Treasurer, Alabama Power 
Company, Engineering Dept., 
Birmingham 2, Alabama 


® Carolinas Section 


J. H. Paylor, Chairman; Pied- 
mont Natural Gas Company, 
523 S. Tryon Street, Char- 
lotte, North Carolina 

Y. Robinson, Vice-Chair- 
man; Industrial Piping Sup- 
ply Company, P. O. Box 
10218, Charlotte, N. C, 

. S. Livingstone, Secretary- 
Treasurer; Livingstone Coat- 
ing Corporation, P. O. Box 
8282, Charlotte, N. C. 


@ East Tennessee Section 


James L. English, Chairman; 
223 Virginia Ave., Oak Ridge, 
Tennessee, 

Solon Walker, Vice-Chairman; 
fast Tennessee Natural Gas 
Co., P. O. Box 831, Knox- 
ville, Tenn. 

Francois Kertesz, Secretary- 
Treasurer; Oak Ridge Na- 
tional Laboratory, P. O. Box 
P, Oak Ridge, Tennessee. 


®@ Jacksonville (Fia.) 
Section 


T. W. Bostwick, Chairman; 
City of Jacksonville, Depart- 
ment of Electric & Water 
Utilities, Utilities Bldg., 34 
South Laura Street, Jack- 
sonville, Florida 


James W. Dalton, Vice-Chair- 
man; International Minerals 
& Chemical Co., P. O. Box 
867, Bartow, Florida 


Arthur B. Smith, Secretary- 
Treasurer; Amercoat Corpo- 
ration, P. O. Box 2977, Jack- 
sonville, Florida 


®@ Miami Section 


H. L. Truchelut, Chairman; 
Southern Bell Telephone & 
Telegraph Co., 36 N. E. Sec- 
ond Street, Miami, Florida 

N. O. Boutzilo, Vice-Chair- 
man; Peoples Water & Gas 
Co., P. O. Box 1107, North 
Miami, Florida 

H. B. Sasman, Secretary- 
Treasurer; Sasman Engi- 
neering Co., P. O. Box 452, 
Miami, Florida 


@ Ohio Valley Section 


Thomas E. Brady, Chairman; 
2018 Sunset Drive, Owens- 
boro, Ky. 

Robert S. Dalrymple, Vice- 
Chairman; Reynolds Metals 
Company, P. O. Box 1800, 
Louisville, Ky. 

Harold J. Smith, Secretary- 
Treasurer; General Electric 
Company, Bldg. 5, Room 
249E, Appliance Park, Louis- 
ville, Ky. 


® Tidewater Section 


Ernest W. Seay, Jr., Chairman; 
The Chesapeake & Potomac 
Tel. Co., 120 W. Bute St., 
Norfolk, Va. 

George R. Lufsey, Secretary- 
Treasurer; Virginia Electric 
& Power Co., Box 329, Nor- 
folk 1, Va. 


SOUTH CENTRAL REGION 


H. E. Waldrip, Director; Gulf 
Oil Corporation, 5311 Kirby 
Drive, Houston, Texas. 

John W. Nee, Chairman; 
Briner Paint Mfg. Co., 3713 
Agnes St., Corpus Christi, 
Texas 

Jack P. Barrett, Vice Chair- 
man; Stanolind Oil & Gas 
Co., Box 591, Tulsa, Okla- 
homa 
C. Spalding, Jr., Secretary- 
Treasurer; Sun Oil Co., Box 
2880, Dallas, Texas 

A. Caldwell, Ass’t Secre- 
tary-Treasurer; Humble Oil 
& Refining Co., Box 2180, 
Houston, Texas 

John Edward Loeffler, Trustee- 
at-Large; Thornhill Craver 
Company, P. O. Box 1184, 
Houston 1, Texas 


@ Alamo Section 


J. W. Gibson, Chairman; D. W. 
Haering & Co., P. O. Box 
6037, Harlandale Station, 
San Antonio, Texas 

Zane Morgan, Vice-Chairman; 
Texas Acidizers, P. O. Box 
47, Seguin, Texas 

tansom L. Ashley, Secretary- 
Treasurer, United Gas Pipe 
Line Company, P. O. Box 
421, San Antonio, Texas. 

Carl M. Thorn, Trustee; South- 
Western Bell Telephone 
Company, P. O. Box 2540, 
San Antonio, Texas. 


@ Central Oklahoma Section 


E. G. Stevens, Chairman; 
Dowell, Inc., P. O. Box 209, 
Norman, Oklahoma 

R. V. James, Vice-Chairman; 
University of Oklahoma, 
Norman, Oklahoma 

M. F. Hill, Jr., Secretary- 
Treasurer; Greene Bros. Inc., 
3020 N W. 47th Street, 
Oklahoma City, Okla. 

Dan H. ‘arpenter, Trustee; 
Aquaness Dept., Atlas Powder 
Company, P. O. Box 8521, 
Oklahoma City 14, Okla. 


® Corpus Christi Section 


Hugh Wilbanks, Chairman; 
Cathodic Protection Service, 
1522 S. Staples St., Corpus 
Christi, Texas 

Kenneth tay Sims, Vice- 
Chairman; Department of 
Public Utilities, City Gas 
Department, P. O. Box 111, 
Corpus Christi, Texas 

William Taylor, Secretary- 
Treasurer; City of Corpus 
Christi Gas Department, P. 
O. Box 1622, Corpus Christi, 
Texas 

Fred W. Hodson _ Trustee; 
Johns-Manville Sales Corp., 
401 N. Toucahua Street, Cor- 
pus Christi, Texas. 


@ East Texas Section 


P. E. Happel, Chairman; Sun 
Oil Company, P. O. Box 472, 
Kilgore, Texas 

Gene E. Smith, Vice-Chair- 
man; Lone Star Steel Com- 
pany, Lone Star, Texas 

E. L. Chapin, Secretary; 
Stanolind Oil and Gas Com- 
pany, P. O. Box 2069, Long- 
view, Texas 
. H. Graves, Treasurer; Tidal 
Pipe Line Company, P. O. 
Box 777, Joinerville, Texas 
. C. Orchard, Trustee; Cardi- 
nal Chemical Company, P. 
O. Box 54, Longview, Texas 


@ Houston Section 


Charles L. Woody, Chairman; 
United Gas Corporation, P. 
O. Box 2628, Houston 2, 
Texas 

J. T. Payton, Vice-Chairman; 
The Texas Company, P. O. 
Box 2332, Houston, Texas 

W. A. Wood, Jr., Secretary- 
Treasurer; 8827 Chatsworth 
St., Houston 24, Texas 

Alvan E. Richey, Trustee; Ca- 
thodic Protection Service, P. 
O. Box 6387, Houston, Texas 


@ New Orleans-Baton 
Rouge Section 


R. M. Robinson, Chairman; 
Continental Oil Co., 206 Mari- 
time Bldg., New Orleans 12, 
Louisiana. 

oO. L. Grosz, Vice-Chairman; 
The California Company, 
P. O. Box 128, Harvey, La. 

W. J. Eads, Secretary-Treas- 
urer; Products Research 
Service, Inc., P. O. Box 6116, 
New Orleans 14, La. 

Lee N. Spinks, Trustee; Ca- 
thodic Protection Service, 
1634 Robert Street, New Or- 
leans 15, La. 


@® North Texas Section 


Howard Greenwell, Chairman; 
Production Profits, Inc., 8912 
Sovereign, Dallas, Texas 

Glyn Beesley, Vice-Chairman; 
Dallas Power & Light Co., 
1506 Commerce St., Dallas, 
Texas 

Ralph Petty, Sec.-Treas.; Sin- 
clair Pipe Line Company, 
901 Fair Bldg., Fort Worth, 
Texas 

Paul Fleming, Trustee; Gulf 
Oil Company, P. O. Drawer 
1290, Fort Worth, Texas 


® Permian Basin Section 

H, W. Gray, Chairman; Sivalls 
Tanks Inc., P. O. Box 11532, 
Odessa, Texas 

Jack Collins, First Vice-Chair- 
man; Continental Oil Co., 
P. ©; Box 431, Midland, 
Texas 

Roscoe Jarmon, Second Vice- 
Chairman; Cardinal Chemi- 
cal Company, P. O. Box 
2049, Odessa, Texas 

Marion Ziober, Secretary- 
Treasurer; Atlantic Refining 
Co., P. O. Box 871, Midland, 
Texas 

John CC. Watts, Trustee, In- 
ternal Pipeline Maintenance, 
P, O. Box 186, Odessa, Texas 


® Rocky Mountain Section 


Henry K. Becker, Chairman; 
Wyco Pipe Line Company, 
Box 2388, Denver, Colorado. 

John R. Hopkins, Vice-Chair- 
man; Protecto Wrap Com- 
pany, 2255 South Delaware 
Street, Denver, Colorado. 

Paul W. Lewis, Secretary- 
Treasurer; 1966 South 
Newton St., Denver, Colorado. 

Karl S. Hagius, Trustee; Colo- 
rado Interstate Gas Com- 
pany, P. O. Box 1087, 
Colorado Springs, Colorado. 


(Continued on Page 10) 





Results of years of laboratory research and field testing are now 
available to the petroleum industry. 


* OUTSTANDING CORROSION INHIBITORS FOR 
CRUDE PETROLEUM FLUIDS 


LONG LASTING EFFECTIVENESS | 
EXCEPTIONAL WETTING AND ADSORPTION QUALITIES 


NEW FIELD TESTS FOR FAST SELECTION OF 
INHIBITORS : 


. NEW FIELD TESTS TO GUIDE TREATING SCHEDULES 


CHEROKEE 4% LABORATORIES, Inc. 


HOME OFFICE AND MANUFACTURING PLANT IN TULSA, OKLAHOMA 
Branches: Midland, Beaumont, Corpus Christi, Oklahoma City, New Orleans, Lafayette, La, Casper 
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Welding, cutting, shearing, 
punching, etce., leave exposed 
surfaces where rust has a 
chance to begin. If this work 
is done before Hot-Dip Gal 
ranizing there will be no ex- 
posed surfaces. That’s why we 
say—have your products Hot- 
Dip Galvanized after fabrica- 
tion and there will never be a 
weak spot in your finished 
product. 

Members of the American 
Hot-Dip Galvanizers Associa- 
tion have the know-how to do 
a top quality job. Write today 
for a list of our members and 
our STOP RUST booklet. 


ihe hid 


rere 


“, = _ 

Yay we 

fan 
ee 


Send for 
Free 
Booklet 


American Hot-Dip Galvanizers Association, Inc. 
1806 Ist National Bank Bidg., Pittsburgh 22, Pa. 


Name__ 


Firm 


and Sectional Officers 


(Continued from Page 8) 


@ Sabine-Neches Section 

Jesse J. Baker, Chairman; 
Magnolia Petroleum Com- 
pany, P. O. Box 3311, Beau- 
mont, Texas 


A. V. Wafer, Vice-Chairman; 
Ohmstede Machine Works, 
P. O. Box 1288, Beaumont, 
Texas 


Paul McKim, Secretary-Treas- 
urer; Socony-Paint Products 
Company, P. O. Box 2848, 
Beaumont, Texas 

Charles E,. Huddleston, Trus- 
tee; Socony Paint Products 
Company, Box 2848, Beau- 
mont, Texas 


® Shreveport Section 

E. H. Sullivan, Chairman; 
United Gas Pipeline Co., 2302 
Thornhill, Shreveport 62, La. 

L. B. Morrow, Vice-Chairman; 
Interstate Oil Pipeline Com- 
pany, P. O. Box 1107, Shreve- 
port, La. 

L. B. Irish, Secretary; Irish 
Engineering Service, 760 
Dodd St., Shreveport, La. 

J. D, Stone, Treasurer; Sunray 
Mid-Continent Oil Company, 
P. O. Box 188, Benton, La. 

W. F. Levert, Trustee, United 
Gas Pipeline, P. O. Box 1407, 
Shreveport, La. 


® Teche Section 

Oo. L. Bassham, Chairman; 
Tretolite Company, 107 Sou- 
venir Gate, Lafayette, La. 

J. F. Shofner, Vice-Chairman; 
Aquaness Corp., 101 Berkely 
Street, Lafayette, La. 

Frank L. Rhoades, Jr., Secre- 
tary-Treasurer; Otis Pressure 
Control, Inc., P. O. Box 242, 
New Iberia, La. 

George M. Harper, Trustee; 
Union Oil Company of Cali- 
fornia, Box 421, Abbeville, 
La. 


@ Tulsa Section 

Frederick A. Prange, Chair- 
man; Phillips Petroleum 
Company, Bartlesville, Okla. 

O. W. Everett, Vice-Chairman; 
Oklahoma Natural Gas Com- 
pany, Box 871, Tulsa, Okla. 

Parke D. Muir, Secretary; 
Dowell, Inc., Box 536, Tulsa, 
Okla. 

Roger J. Norris, Treasurer; 
Koppers Company, Inc., 310 
Thompson Building, 20 E. 
Fifth Street, Tulsa, Okla. 


© West Kansas Section 

Thomas A, Allan, Chairman; 
Cooperative Refinery Ass’n., 
P. O. Box 765, Great Bend, 
Kans. 

D. L. Peterson, Vice-Chairman; 
Cities Service Oil Company, 
P. O. liox 751, Great Bend, 
Kans. 

. P. Berry, Secretary-Treas- 
urer; National Aluminate 
Corp., Box 1202, Hutchinson, 
Kans. 

W. C. Koger, Trustee; Cities 
Service ‘il Company, Cities 
Service Kuilding, Bartlesville, 
Oklahoma, 


WESTERN REGION 


Robert H. Kerr, Director: 
Southern C alifornia Gas Com- 
pany, P. +‘). Box 3249 Ter- 
minal Amex, Los Angeles 
54, Califoriia. 

Preston W. Hill, Chairman; 
Signal Oil & Gas Company, 
2501 East Willow, Long 
Beach, Calit ornia 

L. E. Magof'in, Vice Chair- 
man; California Water & 
Telephone Company, 2116 
Huntington Drive, San Ma- 
rino, California. 

E. F. Bladholin, Secretary- 
Treasurer; Southern Cali- 
fornia Edison Company, 601 
West Fifth Street, Los An- 
geles 17, Caliiornia 


® Central Arizona Section 


David F. Moser, Chairman; El 
Paso Natural Gas Company, 
P. O. Box 1630, Phoenix, 
Arizona. 

Russell Jackson, Vice-Chair- 
man, Rust-Proofing, Inc., P. 
O. Box 1671, Phoenix, Ariz. 

Roy P. Osborn, Secretary- 
Treasurer; Mountain State 
Tel. & Tel. Company, Box 
2320, Phoenix, Arizona. 


® Los Angeles Section 


John R. Brown, Chairman; 
3525 We:t 74th Place, Ingle- 
wood, Cal 

Dave J. «‘olyer, Jr., Vice- 
Chairman; The Duriron 
Company, Inc., 6903 Rita 
Avenue, Huntington Park, 
“al. 


Don Miller, Secretary-Treas- 
urer; Sovthern California 
Gas Company, Box 3249, 
Terminal Annex, Los An- 
geles, Cal. 


® Portland Section 


Norman H. Burnett, Chairman; 
230 South 198th St., Seattle 
88, Washington. 


R. S. Baynham, Vice-Chair- 
man; 10495 S.W. 71st Avenue, 
Portland 19, Oregon. 


William R. Barber, Jr., Secre- 
tary-Treasurer; Electric Steel 
Foundry, 2141 N.W. 25th 
Ave., Portland, Oregon. 


@ Salt Lake Section 


John T. Burton, Chairman; 
Utah Oi! & Refining Co., 
Box 898, Salt Lake City 10, 
Utah. 


Bartel J. Disanto, Vice-Chair- 
man; American Smelting & 
Refining Co., 514 Crandall 
Bldg., Salt Lake City, Utah. 


John P. Reeves, Secretary- 
Treasurer; Reeves & Com- 
pany, 375 South West Temple 
Street, Salt Lake City 1, 
Utah. 


® San Diego Section 


F. O. Waters, Chairman; San 
Diego City Water Dept. Div. 
of Eng., Room 903, Civic 
Center Bldg., San Diego 1, 
Cal. 


Dan A. Nordstrom, Vice-Chair- 
man; Field Engineer, The 
Gates Rubber Company, 3616 
Arizona Street, San Diego 4, 
Cal. 


L. L. Flor, Secretary -Treas- 
urer: 1036 Leslie Road, E) 
Cajon, Cal. 


® San Francisco Bay Area 
Section 


G. J. Puckett, Chairman; Dow 
Chemical Co., P. O. Box 351, 
Pittsburg, Cal. 


James K. Ballou, Vice-Chair- 
man; Standard Oil Co. of 
Cal., 225 Bush St., San Fran- 
cisco, Cal, 


Henry R. Strickland, Secretary- 
Treasurer; Haynes Stellite 
Co., 22 Battery St., San 
Francisco, Cal. 


Read These Coatings and Linings Articles in March 


TECHNICAL REPORTS 


1. Suggested Painting Specifications 
for Marine Environments. 


2. Suggested Specifications for Hot 


Application of Coal 


for Marine Environment. 
3. Vinylidene Chloride Resins. 


4. Protective Coatings for Atmos- 
pheric Use: Their Surface Prepa- 
ration and Application Require- 


Tar Enamel 


Paints. 


ments, Physical Characteristics and 
Resistances. 


5. Acid Proof Vessel Construction 
With Membrane and Brick Linings. 


TECHNICAL ARTICLES 


6. Testing Coal Tar Coatings on 
Buried Pipe. 


7.Sprayed Metal as a Base for 


Plus Other Technical Articdes on Other Corrosion Subjects 
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IF IT’S IN THE REFINERY 


and subject to internal corrosion, 
hydrogen blistering, scaling or fouling 


absorbers 

alkylation plants 
alkanolamine sweeteners 
cat cracker fractionators 
coking systems 

crude stills 

debutanizers 
depentanizers 
depropanizers 
desulfurization systems 
dewaxing systems 

gas recovery systems 
platformers 

reformers 

stabilizers 


vacuum towers 


Just ask the Kontol service engineer in your area, or write or call 


TRETOLITE COMPANY 


A DIVISION OF PETROLITE CORPORATION 


369 Marshall Avenue, Saint Louis 19, Missouri - 5515 Telegraph Road, Los Angeles 22, California 
Petrolite Limited, 120 Moorgate, London EC2, England 


8KR 56/0 





CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


jorax Calcium Carbide Calciu 
“Ethyl Acetate Ethyl Alcohel _—Ethylene Glycol G 


LECTRO-CLAD’ 


Nickel Plated Steel Plates 
will give it to you 


Yes, you can get low-cost, yet effective pro- 
tection against contamination and corrosion 
with all these chemicals...and many more! 

Effective in heavy industrial applications 
where the corrosion rate does not exceed 
0.0015 inches per year, CF&I LEcCTRO-CLAD 
Nickel Plated Steel Plates successfully com-: 
bine the corrosion and contamination resist- 
ance of nickel and the economy and strength 
of carbon steel. 

That’s because CF&I LECTRO-CLAD is made 
by the Bart Process, which consists of elec- 
trodepositing a heavy layer of 99% pure 
nickel on a carbon steel plate. This process 
results in a permanent bond between the 
nickel and the steel base. The nickel plating 


is customarily supplied in the 8-10 mil range; 
however, it can be plated up to 15-20 mils, 
if specified. 

What’s more, CF&I LECTRO-CLAD Nickel 
Plated Steel Plates are easily fabricated with- 
out costly special equipment. Just use regular 
shop equipment and bend it...weld it... 
roll it—the protective nickel layer will not 
check, spall or flake! 

Ask our nearest sales office for the com- 
plete story on economical, effective, easy-to- 
fabricate CF&I LEcTRO-CLAD Nickel Plated 
Steel Plate today. Wickwire Spencer Steel 
Division, The Colorado Fuel and Iron 
Corporation, P. O. Box 1951, Wilmington, 
Delaware. 


*NICKEL PLATED BY THE BART LECTRO-CLAD PROCESS 


Abilene 
Angeles 
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Assembling a tank fabricated from CF&l LECTRO-CLAD Nickel Plated Steel Plates. 


re 


Claymont Steel Products 


Products of Wickwire Spencer Steel Division ¢ The Colorado Fuel and Iron Corporation 


Abilene - Albuquerque - Amarillo + Atlanta - Billings - Boise + Boston + Buffalo - Butte - Casper + Chicago - Denver - Detroit - El Paso + Ft. Worth + Houston + Lincoln (Neb.) > Los 
Angeles - New Orleans - New York - Oakland - Odessa - Oklahoma City - Philadelphia - Phoenix - Portland - Pueblo - Salt Lake City - San Francisco - Seattle - Spokane + Tulsa - Wichita 
CANADIAN REPRESENTATIVES AT: Edmonton - Calgary - Vancouver - Winnipeg - CF&l OFFICE IN CANADA: Toronto 


OTHER CLAYMONT PRODUCTS 
Stainless-Clad Plates * Manhole Fittings and Covers « Large Diameter Welded Steel Pipe « Fabricated 
Steel Parts « Flanged and Dished Heads -« Alloy Steel Plates « High Strength Low Alloy Steel Plates 
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DRESSERTAPE® 


the modern protection 
against pipe corrosion! 


FAST, EASY, SAFE TO APPLY 


Applied cold—by hand or simple portable tool 
—modern, pressure-sensitive Dressertape bonds 
securely to the pipe . . . assures uniform pro- 
tection on top, sides and bottom. 


PROTECTS PIPE, JOINTS, FITTINGS 

Highly versatile, Dressertape is widely used for 

coating field-welded joints on all diameters of 

mill-wrapped pipe... for complete coating of ' : 

pipe sections in yard or ditch... for repairing PR¢ 

holidays and gaps in other types of coating. ae Har 

Readily conforming to the contours of small > 4 - ing w 

diameter fittings, narrow-width Dressertape is enmen 

ideal for service line use. ones 
inside 


GIVES LASTING PROTECTION ( ; . The Tapester Special, avail- mater 
e able through Dresser, assures 

ey speedy, uniform coverage 

electrical insulation ... also permanently pro- & on small diameter pipe. 


High dielectric Dressertape provides excellent a few 


tects all underground piping against corrosion = RER 
by soil chemicals, salt water, acids, alkalies i 
J 9 


Bu 


and oil. i Larger model Tapesters, also . 
For complete details, send for Dresser ; available through Dresser, spin = 
= ] » Dressertape protection on pip- 

ing 2” in diameter and larger. 


“Corrosion Control” catalog. made 


*DRESSERTAPE is a trademark of Dresser Mfg. Division 


Dresser Manufacturing Division, 69 Fisher Ave., Bradford, 
Pa. Warehouses: 1121 Rothwell St., Houston; 101 S. Airport 
Bivd., S. San Francisco. Sales offices also in: New York, Phila- 
deiphia, Chicago, Denver. In Canada: Toronto and Calgary. 





CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Ty 


ea | Ue 
ce 
| 


| 


Av 


> i eT 
“=a 


HASTELLOY Alloy B Handles 
Hydrogen Chloride at 1000 deg. F 


PROBLEM: 


Handling highly-reactive hydrogen chloride gas contain- 
ing water at 1000 deg. F at the top of chlorine burner 
towers used in making hydrochloric acid. Chlorine is burneJ 
inside the towers in a hydrogen atmosphere. Ordinary 
materials used at the top of these burners would last only 


a few weeks at best. 


REMEDY: 


Burner covers are made of Haste..oy alloy B. The hot 
gas is channelled through a cast cross, piping, and valves 


made of alloy B. 


VINES) 


FRADE-MARK 


P 
3 
4 
‘iy 
is 


ALLOY S 


RESULT: 


30 to 40 times longer service is given by the parts of 
HastE.Loy alloy B. Down time is cut to a minimum and 


production is increased. 


HasTELLoy alloy B is resistant to hydrogen chloride gas 
at high temperatures, wet or dry. It is also highly resistant to 
hydrochloric acid in all concentrations and at temperatures 
up to the boiling point. The alloy is readily fabricated and 
has strength properties comparable to high-alloy steel. For 
a copy of a booklet describing Hastre.ioy alloys, get in 


touch with the nearest Haynes Stellite Company office. 


HAYNES STELLITE COMPANY 


A Division of Union Carbide and Carbon Corporation 


a3 
General Offices and Works, Kokomo, Indiana 
Sales Offices 


Chicago + Cleveland - Detroit - Houston + Los Angeles - New York « San Francisco - Tulsa 


“Haynes” and “‘Hastelloy’’ are registered trade-marks of Union Carbide and Carbon Corporation 








THE MATIONAL ASSOCIATION OF 
CORROSION ENGITEERS 


is a non-profit, scientific and research association ef individuals 
and companies concerned with corrosion or interested in it, whose 










objects are: 





(a) To promote the prevention of corrosion, thereby curtailing economic 
waste and conserving natural resources. 






(b) To provide forums and media through which experiences with corrosion 
and its prevention may be reported, discussed and published for the 
common good. 








(c) To encourage special study and research to determine the fundamental 
causes of corrosion, and to develop new or improved techniques for its 







prevention. 






(d) To correlate study and research on corrosion problems among technical 
associations to reduce duplication and increase efficiency. 






(e) To promote standardization of terminology, techniques, equipment and 
design in corrosion control. 






(f) To contribute to industrial and public safety by promoting the preven- 






tion of corrosion as a cause of accidents. 





(g) To foster cooperation between individual operators of metallic plant 





and structures in the joint solution of common corrosion problems. 






(h) To invite a wide diversity of memberships, thereby insuring reciprocal 
benefits between industries and governmental groups as well as between 
individuals and corporations. 








It is an incorporated association without capital stock, chartered under 
the laws of Texas. Its affairs are goverened by a Board of Directors, elected 
by the general membership. Officers and elected directors are nominated by 
a nominating committee in accordance with the articles of organization. 
Election is by the membership. 









Inquiries regarding membership, and all general correspondence should 
be directed to the Executive Secretary at the administrative headquarters of 
the National Association of Corrosion Engineers at 1061 M & M Building, 
No. 1 Main Street, Houston 2, Texas. 
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Topic of the Month 


Embrittlement of 12 Percent Chromium Steel 
Thermocouple Nozzles on a 


Thermofor Catalytic Cracking Unit Reactor 


By H. HOWARD BENNETT* 


Introduction 

URING A RECENT turn-around of a Thermo- 

for catalytic cracking unit, several nozzles on 
the reactor fractured during the removal of the ther- 
mocouple wells. A slight build-up of coke between 
the thermocouple well and the nozzle hindered easy 
removal of the wells. When force was applied to the 
thermocouple well to free it, the nozzle fractured at 
the point shown in Figure 1. The 234-inch outside 
diameter, 34-inch wall nozzles were of a 11-13 percent 
chromium alloy of a composition similar to the reac- 
tor cladding. 







FRACTURE 


! 














THERMOCOUPLE WELL NOZZLE 


VESSEL WALL 

The appearance of the nozzle at the point of frac- Figure 1—Location of nozzle fracture. 
ture is shown in Figure 2. The metal in the nozzle 
at the point of failure had been subjected to a tem- 
perature of from 850 to 1,000 F for approximately 
100,000 hours. These temperatures embrace the 885 
F temperature at* which embrittlement has been re- 
ported! in ferritic stainless steels with a chromium 
content as low as 12 percent. Since maximum hard- 
ness has been reported as occurring at this tempera- 
ture, hardness determinations were made on the 
metal near the point of failure and values of 99 to 103 
Rockwell B were obtained, However, hardness meas- 
urements taken at a cooler location 4 inches away 
from the failure ranged from 82 to 83 Rockwell B. 


Grain Boundary Precipitates 
Figure 3 is a photomicrograph of the metal adja- 
cent to the fracture which clearly shows widening 
of the grain boundaries. This condition was reported 
by Riedrich and Loib,* who concluded that the em- 
brittlement was caused by the grain boundary pre- 
cipitates. These precipitates are suspected of being 





* Corrosion Engineer, Socony Mobil Oil Company, Inc., Paulsboro Re- 
finery, Paulsboro, New Jersey. 





Figure 2—Fractured surface of nozzle. 
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Figure 3—Structure of metal adjacent to fracture. Marbles reagent, 
380X (made from a photograph taken at an original magnification of 
500X). 


carbides, sigma phase formation, or possibly nitrides 
and phosphides. Since embrittlement occurs in a pure 
iron chromium alloy, several investigators* believe 
that sigma phase is most likely responsible for the 
embrittlement. 

Figure 4 is a photomicrograph of the metal 4 inches 
away from the failure where the temperature was 
lower. It will be noted that the microstructure of the 
metal shows no widening of the grain boundaries. 

It is believed that this failure confirms the observa- 
tion by Krivobok that much prolonged time of heat- 
ing would extend the limits of compound (sigma 
phase) formation far beyond those sketched at the 
present time and that the higher chromium steels in 


Figure 4—Structure of metal four inches from fracture. Marbles reagent, 
380X (made from a photograph taken at an original magnification of 
500X). 


long time service should be looked upon with sus- 
picion. 
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Selection of Rust Inhibitors 
To Meet Service Requirements” 


By A. J. FREEDMAN, A. DRAVNIEKS, W. B. HIRSCHMANN and R. S. CHENEY 


Introduction 


URING THE past several years, a wide variety 

of rust inhibitors have appeared on the market. 
t has been claimed that these inhibitors protect re- 
nery equipment, tanks, trucks, and pipe lines from 
usting caused by water, and prevent contamination 
if products with rust. Laboratory tests indicate, 
iowever, that most of these inhibitors are somewhat 
ess than perfect. That is, although all of these inhibi- 
ors are at least partially effective, no one compound 
et tested has given ideal rust protection under all 
ypes of operating conditions. 

Rust inhibitors belong to several different chemical 
‘lassifications, such as amines and amine salts of 
rganic acids, and it is to be expected that the be- 
havior of these materials should depend upon the 
conditions to which they are exposed. The problem 
f selecting a rust inhibitor for a particular applica- 
iion is, therefore, quite complex. First it is necessary 
to define the conditions under which the inhibitor 
must perform, and the level of protection which is 
required, In general, contamination of products with 
rust is of more concern than the decrease in life of 
metal equipment in products service. Hence, for each 
application, it is necessary to determine whether or 
not the cost of a rust inhibitor program can be justi- 
fied. Such a justification usually involves an eco- 
nomic analysis of the benefits which may be expected 
from the use of the inhibitor, plus an analysis of 
alternate ways of solving the problem. And finally, 
by means of a suitable laboratory and field evaluation 
program, the inhibitor must be selected which will 
give the required protection at the lowest possible 
cost. 


Laboratory Rusting Tests 


The problem of defining the service conditions 
under which an inhibitor is expected to give protec- 
tion is of the utmost importance, It certainly is true 
that the behavior of any inhibitor in a particular 
application can be measured exactly only by a field 
trial under actual service conditions. However, for 
any sort of comprehensive testing program involving 
a number of inhibitors, field trials are prohibitively 
expensive and time-consuming. Hence, some sort of 
accelerated laboratory tests must be devised which 
will permit the evaluation of inhibitors on a relative 
basis, under conditions approximating those in the 
field. Inhibitors which show promise in the labora- 
tory tests then can be examined under plant con- 
ditions. 


% Submitted for publication August 3, 1956. A paper presented at the 
Twelfth Annual Conference, National Association of Corrosion En- 
gineers, New York, N. Y., March 12-16, 1956. 


Abstract 


Rust inhibitors should be selected with reference to 
the type of service in which they will be used. Many 
inhibitors which give satisfactory results under mild 
rusting conditions fail to provide useful protection 
under more severe conditions. Laboratory testing pro- 
grams should be designed, therefore, to reproduce as 
closely as possible the conditions of actual practice. 

Rust inhibitor test methods are discussed in re- 
lation to three general classes of service, correspond- 
ing to flowing, static, and condensation conditions. 
A new rust inhibitor testing procedure, based on the 
Indiana Conductometric Test, provides quantitative 
measurements of very low corrosion rates under 
carefully controlled conditions, Small differences in 
the performance of good rust inhibitors have been 
detected by this method. 

The choice of general type of rust inhibitor (aque- 
ous- or oil-soluble) as well as the particular com- 
pound to be used in any case, should be based on the 
results of selected quantitative laboratory tests, cor- 
relation with field tests and experience, and an analy- 
sis of relative cost data for useful inhibitors on an 
equal protection basis. An economic evaluation of 
possible alternate procedures for obtaining any de- 
sired degree of rust protection also should be _ 

8.1. 


Since it is not practical to devise a specific labora- 
tory test corresponding to each application for which 
an inhibitor is desired, three general classes of service 
have been established, representing, respectively, 
dynamic, static, and condensation conditions. Tests 
have been devised which correspond to each of these 
cases. 

Dynamic tests correspond to situations involving 
flowing streams such as are found in pipe lines, Static 
tests are intended to represent more severe rusting 
conditions such as occur in storage tanks and other 
equipment in which metal contacts static liquids for 
extended periods of time. Finally, condensation tests 
represent those very severe conditions which occur 
in open vessels and other equipment exposed to 
moisture condensed from the atmosphere. 

A number of well-known rusting tests, such as the 
ASTM Turbine Oil Test! and the Navy Static Drop 
Test,’ are used throughout the industry for inhibitor 
evaluation studies. The ASTM Test corresponds to 
dynamic conditions and the Navy Test to static con- 
ditions. In order to represent condensation condi- 
tions, a modification of the standard Navy Test has 
been developed, For this purpose, the familiar tri- 
angular specimen, containing a small dimple, is first 
soaked in inhibited gasoline and then placed in an 
empty beaker before the drop of water is placed in 
the dimple. Under these severe conditions, no new 
inhibitor is available for repair of inhibitor films 
which are destroyed by rusting, and an extremely 
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Figure 1—Comparison of rust inhibitors at two pounds per 1000 barrels 
(ASTM Method). 
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Figure 2—Comparison of rust inhibitors at five pounds per 1000 barrels 
(Navy Static Drop Test). 


stable film is required to prevent further corrosion. 
Although some of the best rust inhibitors give par- 
tial protection in this test, no compound yet examined 
has prevented rusting completely under these con- 
ditions. 

To illustrate the effect which test conditions can 
have on the performance of some different types of 
rust inhibitors, Figure 1 shows some dynamic ASTM 
test specimens prepared at inhibitor concentrations 
of 2 pounds per 1000 barrels. Deionized water was 
used in these tests. Note that Type A inhibitor gives 
little or no protection under these conditions, Type 
B gives partial protection and Types C, D, and E 
inhibitors completely prevent rusting. 

Figure 2 illustrates the performance of these same 
inhibitor types in the conventional Navy Static Drop 
Test. Under these more severe conditions, inhibitor 
Types A, B, and C fail completely, Type D yields 
fair results, and Type E gives almost complete pro- 
tection. Thus, for example, Type C inhibitor might 
be a good choice for an application involving mostly 
flowing conditions, but laboratory data indicate that 
it will be less effective than Types D and E in stor- 
age tanks and other static situations. 

All of these well-known rusting tests have one 
fault in common. This shortcoming is that the meas- 
urement is qualitative, or at best semi-quantitative, 
and depends entirely upon the visual comparison of 
a rusted specimen with a blank. Such methods are 
quite suitable for separating good inhibitors from 
weak ones. However, reliable estimates of the rela- 
tive effectiveness of two good inhibitors are difficult 
or impossible to secure by these methods, both be- 
cause the methods lack sensitivity and because the 
human errors involved in visual estimates of rusting 
are both large and variable. 

What is required is a highly sensitive and repro- 
ducible accelerated corrosion test from which quan- 
titative measurements of corrosion rates can be 
obtained under a variety of conditions. The usual 
coupon measurements, of course, will yield quantita- 
tive rusting data, but in many cases long periods of 
time are required to get sufficient sensitivity and re- 
producibility. 
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Figure 3—One type of electrical circuit developed for conductometric 
rusting tests. 


Specimen Holders 
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Static 


Figure 4—Apparatus for conductometric tests. 


The Indiana Conductometric Rusting Test 

There has been developed a quantitative rusting 
test based on a conductometric method of measuring 
corrosion rates. The basic features of this method, 
which involve the measurement of the change in 
electrical resistance of a metal strip immersed in a 
corrosive medium, were described by A. Dravnieks 
and H. A, Cataldi at the annual NACE meeting in 
1954.** Since that time, the high sensitivity, accu- 
racy, and reproducibility of this method have become 
increasingly recognized throughout the industry.**? 

Figure 3 is a schematic diagram of an electrical 
circuit used in the present work for corrosion testing 
by the conductometric method. Contacts are made 
with two lead wires to each end of a thin metal rib- 


SELECTION OF RUST INHIBITORS TO MEET SERVICE REQUIREMENTS 


Figure 5—Photograph of multiple testing ap- 
paratus (conductometric method). 


Refinery Equipment 
— 


_ Corrosion Probe 


Ae 


Flexible Cable 








Figure 6—Corrosion probe field installation. 


bon, usually 1 or 2 mils thick. Current from a 6-volt 
storage battery is passed through the specimen, a 
variable load resistor R-1, and a standard Manganin 
resistor R-2. A sensitive indicating potentiometer is 
connected to measure the potential drop across R-2 
and the specimen, in turn. The specimen is placed in 
the corrosive medium and thermostatted at 100 + 
0.5 F. With the potentiometer connected across R-2, 
R-1 is adjusted so that a constant current of about 
0.5 ampere, as indicated by the ammeter and meas- 
ured accurately by the potentiometer, flows through 
the circuit. The potentiometer then is connected 
across the specimen and the potential drop is re- 
corded. This procedure is repeated several times dur- 
ing the experiment. From the change in resistance of 
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Figure 7—Effect of concentration on rust inhibitor performance (dynamic 
conductometric test). 
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Figure 8—Effect of concentration on rust inhibitor performance (static 
conductometric test). 
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Figure 9—Comparison of rust inhibitors by conductometric method. 


the specimen with time it is a simple matter to cal- 
culate the corrosion which has occurred. Usually a 
multiple switching arrangement is used so that as 
many as 16 specimens can be measured during one 
experiment. 

Figure 4 shows schematically the apparatus which 
was used in the present work for rust inhibitor test- 
ing by the conductometric method, under both static 
and dynamic conditions. Each specimen holder is 
adapted to support two specimens in specially de- 
signed clamping plates which include electrical con- 
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Figure 10—Analysis of typical rust protection costs. 


tacts. The lead wires to these contacts pass through 
the base of the specimen holder, The test specimens 
can be prepared from any of the common metals. As 
is the case with any laboratory corrosion test, varia- 
tions in surface properties can have large effects on 
the measured corrosion rates. In the case of carbon 
steel specimens, a thorough cleaning with carbon 
tetrachloride and acetone, followed by vacuum an- 
nealing for one hour at 1200 F and less than one 
micron total pressure, has been found to be a satis- 
factory method for preparing a uniformly sensitive 
surface. The annealed specimens should be stored in 
vacuum until used. 

For dynamic tests in the laboratory using the Indi- 
ana Conductometric Test, a mixture of rust-inhibited 
oil plus 1 percent deionized water is placed in the 
tube with the specimens, and the mixture is stirred 
rapidly for 24 hours, Potential measurements are 
made at frequent intervals during this period. 

For testing under static conditions, approximately 
equal volumes of oil and water are used, and the 
mixture is stirred briefly before the specimen holder 
is placed in the tube. This stirring serves to distribute 
the inhibitor at equilibrium concentrations in both 
phases. After the two phases have separated, the 
specimens are suspended in the oil phase for one 
hour to permit them to adsorb inhibitor, and then are 
lowered into the water phase where potential meas- 
urements are made as before. 


Figure 5 is a photograph of a multiple-testing ap- 


paratus, The picture shows the specimen holders 
mounted in a constant temperature water bath, the 
stirring motors, the control box for switching the 


current and potentiometer from one specimen to an- 
other, and the indicating potentiometer. 

The conductometric method also can be applied to 
field testing in refinery equipment. For this purpose, 
a corrosion probe has been designed for inserting a 
conductometric specimen through a thermo-well or 
similar opening in a unit. 

Figure 6 shows schematically how such a probe 
would be used in connection with a refinery vessel. 
Measurements may be taken manually, or the circuit 
may be designed for use with a recording potenti- 
ometer. 
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Conductometric Test Results 

Some typical laboratory results 
obtained with the Indiana Con- 
ductometric Test under dynamic 
conditions are shown in Figure 7. 
lsata are presented for five differ- 
ent inhibitors and a blank, at con- 

‘ntrations ranging from 0.5 to 10 

sunds per 1000 barrels. The rust- 

g rates calculated from the re- 
< stance changes are shown ex- 
i: apolated to inches per year in 

der to use familiar units. It must 

remembered, however, that 
iese are accelerated laboratory 
st data, and actual rusting rates 

‘termined in the field may be 

msiderably different. However, 

ie relative rates shown in this 
chart still are valid for compara- 
tive purposes, 

Each bar on the chart represents 
on average of many determinations, 
and the data are considered to be reproducible within 
two percent. The differences between inhibitor types, 
and the effects of concentration shown on this chart, 
could not be detected by purely visual means; most 
of these compounds, for example, give perfect pro- 
tection in the ASTM test at 2 pounds per 1000 bar- 
rels. It is clear that under dynamic conditions, these 
types of inhibitors are effective at concentrations as 
low as 1 or 2 pounds per 1000 barrels. Also, although 
[ype E, for example, is obviously more effective 
than Type A, the differences are not large and even 
the weaker inhibitors may be expected to yield satis- 
factory rust protection under these relatively mild 
conditions, 

Figure 8 presents comparable data for the same 
types of inhibitors taken under more severe static 
conditions. The differences are striking, Whereas 
under dynamic conditions the differences between 
Types C and D, for instance, probably are not sig- 
nificant, under static conditions these differences are 
quite important, Also, when evaluating these static 
data on an economic basis, it is important to observe 
that Type D inhibitor is effective at concentrations 
as low as 1 or 2 pounds per 1000 barrels, whereas at 
least 5 pounds of Type C per 1000 barrels is required 
to give significant protection. 

Figure 9 compares directly the Indiana Conducto- 
metric Test results under static and dynamic condi- 
tions. All data shown in this graph were obtained at 
the 5 pounds per 1000 barrel level. The graph shows 
clearly the much lower rusting rates that occur under 
dynamic conditions, and the much smaller percentage 
differences between inhibitors. 


Percent Rust Protection Under Static Conditions 


Economic Analysis 
Both the beginning and the end of any inhibitor 
testing program is the economic problem. Once the 
test conditions appropriate to a particular problem 
have been selected and some experimental data have 
been obtained, an economic analysis based on these 


SELECTION OF RUST INHIBITORS TO MEET SERVICE REQUIREMENTS 
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Figure 11—Annual cost of rust protection with various inhibitors. 


data is required to determine whether or not rust 
inhibitors represent a feasible solution tothe problem. 

One way to carry out this analysis is illustrated in 
Figure 10. This graph compares some of the costs 
involved in a typical rusting problem, The black bar 
on the left represents present costs of rust protection 
in this situation. These costs include such items as 
pipe line cleaning, dehydrators, and meter mainte- 
nance. It is presumed that this present level of protec- 
tion is inadequate, and that improvement is desired. 
Laboratory experiments indicate that a satisfactory 
level of rust protection under flowing conditions can 
be obtained with any of three types of rust inhibitors, 
A, B, or C, although not necessarily at equal concen- 
trations. The graph then shows that this protection 
can be obtained at least cost with Type C. This rep- 
resents a considerable savings over present opera- 
tions. Type A is much more costly on this equal 
protection basis, and should not be considered. Alter- 
natively, a higher level of rust protection, satisfactory 
under both flowing and static storage conditions, can 
be obtained at somewhat higher costs with either 
inhibitor Types B or C, but not with Type A. 
Finally, satisfactory protection under the most severe 
condensation conditions can be obtained only with 
Type C, and at a substantially increased cost which 
actually is higher than present costs. 

Other means of solving the corrosion problem also 
must be considered, such as filtration of products to 
eliminate contamination with rust. The graph shows 
in this case that the cost of one possible alternative 
procedure would be prohibitive compared to present 
costs or to the cost of inhibitors. 

Once it is established that rust inhibitors repre- 
sent the best solution to a particular problem, and 
after good quantitative rusting data are obtained 
under laboratory conditions as close to actual service 
as possible, these data then must be analyzed on an 
economic basis in order to select the most promising 
compounds for field trials. 

Figure 11 shows one method of analyzing rust 
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inhibitor test results in terms of the annual cost for 
any desired level of protection, The abscissa repre- 
sents the annual cost of the rust inhibitor program, 
and the ordinate the percent rust protection, relative 
to the blank, which is obtained in the static conduc- 
tometric test. It is assumed that, in this case, the 
static test corresponds most closely to service condi- 


tions. The curves represent rusting test data obtained 
with four different types of inhibitors, and the points 
correspond to various concentration levels. Thus, for 


example, 5 pounds of Type B inhibitor per 1000 
barrels could be used at a relative annual cost of 60, 
and this would result in about 30 percent rust pro- 
tection in the static test. Alternatively, 1 pound of 
Type D or of Type E inhibitor would each produce 
about 90 percent rust protection, but the cost of Type 
D inhibitor is three times greater than that of Type 
E. For the conditions of this test, it is now clear that 
any desired level of rust protection can be obtained 
at the least cost with Type E inhibitor. For that 
reason compounds of this type represent the best 
choice for field trials leading to large scale use. 


Vol. 13 


Conclusion 


In order to make a wise selection of rust inhibitors f 
on the basis of accelerated laboratory tests, it is > 


necessary to obtain accurate, quantitative laboratory 
test data under conditions approximating those 
which exist in the field. These data then can be in- 


terpreted in terms of the cost involved and the degree 
of protection desired. The Indiana Conductometric 


Rusting Test described here provides the type of 
data required for such an analysis. The test is accu- 
rate, sensitive, and reproducible, and detects smill 
differences in inhibitor performance that cannot be 
observed by visual rusting tests. 
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Introduction 


!Tq\HIS PAPER is more a theoretical than a prac- 


_ tical study of the behavior of galvanic cells and 


| relates to the distribution of potential and current 
fover each of electrodes of the system. Although 
| nany geometrical arrangements of electrodes are 


possible, only those in which the anode and cathode 
in a common surface will be considered, This 
rangement was chosen because it is more pertinent 
the microelements that are present on a commer- 
il metal. The other commercially important ar- 
ngement, (i.e., where the anode and cathode lie in 
eparate planes and ‘‘face” each other, such as in a 
.ttery or in electroplating) will not be discussed. 


The distribution of the potential within the cor- 
odent will receive primary consideration because it 
is the driving force of corrosion. In addition it is the 
one measurement most commonly used in corro- 
sion studies which can be varied almost at will. For 
example, it is frequently used to decide whether or 
not corrosion will occur in cathodic protection prac- 
tice. However, later in this paper, the distribution of 
the corrosion currents over each electrode will be 
discussed to emphasize the salient features of the 
“size effect.” 


Potential of a Metallic Couple in Solution 


The potential within an entire galvanic system is 
schematically represented in Figure 1. This is similar 
to a scheme in a recent translation of a chapter of 
\kimov’s book which appeared in Corrosion’ and is 
an elementary representation of the principal facts. 
Here and in the later sections, the anode will be 
regarded as more positive than the cathode as far as 
the internal positive ion flow is concerned, Faraday 
defined the anode as the place the positive ions enter 
the cell or solution and the cathode as where they 
leave it. : 

In the external or metallic conductor circuit, the 
anode is more negative as it has an excess supply of 
electrons left in the metal as positive ions dissolve 
(1.e., left by the anodic reaction.) The electronic cur- 
rent flows down the potential gradient toward the 
more positive (external) terminal, the cathode, as 
shown. The anode lies to the left of the cathode. 
[hese notations follow the most recent sign conven- 
tion adopted at Stockholm and discussed by de 
Bethune.? The gradients of the two potentials in the 
branches of the circuit are drawn with the same sign 


*& Submitted for publication February 16, 1956. A paper presented at 
the Twelfth Annual Conference, National Association of Corrosion 
engineers, New York, N. Y., March 12-16, 1956. The original title of 
this paper was “A Study of Galvanic Corrosion.” 


1) Although weight loss or gain is perhaps a more common measure- 
ment, it is the end result of corrosion in the sense that to change it 
one must be able to modify the environment and essentially under- 
stand the process, 
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Abstract 


Distribution of potential within a corrodent was 
analyzed using several geometric arrangements of 
electrodes which lay in a common surface. Polariza- 
tion was assumed to follow Wagner’s useful relation 
as it varied from point to point on the electrode 
in response to the local corrosion current. The distri- 
bution of the corrosion attack over the anode also 
was studied. 

It was found that there was a size effect in the 
galvanic corrosion studied with the detailed behavior 
depending to a great extent on whether the elec- 
trodes were larger or smaller than Wagner’s polari- 
zation parameter. It was found also that the poten- 
tial of a galvanic couple depended on the relative 
areas of the two electrodes, as well as on their open 
cell potentials. 3.8.2 
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Figure 1—Schematic drawing of a galvanic cell with the external re- 
sistance indicated. Increasing potential is plotted vertically. Arrows 
indicate the direction of electronic and cationic flow. 
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Figure 2—Two model galvanic cells differing in size which are im- 

mersed in a common electrolyte. Path between two arbitrary points is 

indicated. The location of these points and the dimensions of cell are 
assumed to be geometrically similar. 


CELL I 


POTENTIAL 


Eg-AEg (Ug) 





Jr 
CURRENT DENSITY 


CELL I 


BE, (Ue) 





CURRENT DENSITY 


Figure 3—Evans’ polarization diagram for the 
two cells. The crosshatching indicates the 
Varop Gppropriate to each current density for 
arbitrary paths. In the upper diagram, the 
current density corresponding to path is des- 
ignated J;, but at this current density Varop 
exceeds the available voltage in Cell II. Either 
the current density must drop to Ju or the net 
potential of the cell must be increased to E,” 
to maintain Jr. 


since the charge carriers are assumed to be different 
in the two branches. To this extent this diagram 
differs from that used by Akimov.! In an active cell, 
the active or effective potential difference is 


(Es: — Es) + (Es — Evy) (1) 
where these voltages are identified in Figure 1. 

In general, the resistance in the external portion 
of the current is negligibly small when one is dis- 
cussing local cell action, since the electrodes are 
short circuited, The effective potential reduces to 
(E\;— E,) and corresponds to the “IR drop” inside 
the electrolyte due to the current flowing between 
the electrode surfaces. It will be the distribution of 
this potential which will be discussed in this paper. 
The potential gradient within the solution or corro- 
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dent will, in general, not be constant as is more usu- 
ally the case where the electrodes “face” each other, 


Polarization and Potentials Considered 


The potentials at E, and E; (or Ej;) can be de- 
fined if there is a finite concentration of ions in the 
corroding solution, There is a well-defined equili>- 
rium electrode potential E; which can be measurcd 
as the voltage of the following cell when no current 
flows between the anode and cathode. 

Standard | 

Hydrogen - Salt 

Electrode Bridge | 
However, when the cell is active and appreciabie 
currents flow, the potential is no longer that for equ:- 
librium. Nevertheless, the local electrode potential it 
some point (x) in the solution and adjacent to the 
surface of the anode, namely P(x), is defined as the 
voltage of an identical cell where the opening of the 
capillary to the reference electrode is located near 
point x of the anode surface. Measurements of local 
single electrode potential have been made by Copson*® 
and by Jaenicke and Bonhoeffer.* 


Anode 
Metal 


Corrodent 
Solution 


Let Va represent the uniform potential of the 
anode relative to the standard hydrogen electrode. 
When point x is near the anode surface the poten- 
tial difference V,—P(x) may be written as a sum 
of the equilibrium single electrode potential E; and 
a polarization term AE,(J). The latter symbol repre- 
sents the dependence of the anodic polarization on 
the local anodic current J(x) at point x, That is 


E; — AE, (Ja) == Va — P(x) (2) 
According to Ohm’s law 


J (x) =K (4) (3) 


where K is the electrical conductivity of the solution 
and (dP/dn) the local normal gradient of the poten- 
tial evaluated at this point. 


Size Effect 


This treatment parallels that given by Agar and 
Hoar.® Consider two galvanic cells depicted in Figure 
2. It is assumed that they are immersed in the same 
electrolyte and are composed of the same two anode 
and cathode metals, The total EMF arising in the 
circuit must overcome: 


(a) The resistance of the electrolyte, 

(b) The polarization at the two electrodes, 

(c) The resistance of the films present on 
the electrodes, and 

(d) The metallic resistance of the external 
circuit. 


It has been assumed that (c) and (d) are so small 
that they can be ignored so that all points within the 
solid portion of each electrode are at the same poten- 
tial. Let AE, and AE, be the polarization occurring 
at arbitrarily chosen points A and C on the two 
electrodes, Then the effective voltage E,’ is com- 
posed of these two overvoltages and the “IR drop” 
along the path (indicated in the upper part of Fig- 
ure 2), which lies entirely in the solution. 
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The positions of A, and C., as well as the widths 

and Cs, are chosen so that the two cells are similar 

the strict geometric sense. Assume that the cell 

| is m times as large as the smaller one. Then if the 

ith length in the smaller cell is L, the path length 

in the other is mL, The voltage drop along the path 
in cell Tis given by 


L 
Vatas = 7 D (4) 


‘here as before K is the specific conductivity and D 
i: amathematical quantity appropriate to this path. 

Temporarily E, or E,’ will be set equal to zero so 
iat the effective driving force or potential differ- 
ice E,’ is 


Ee = E; _ E, = Es 


his reference point on the potential scale will be 
ifted later when the quantity E, is defined. The 
fective driving force overcomes the two polariza- 
ms and the “IR drop.” Thus by reference to Fig- 
ire 3 


E,’ = AE,’ (Ja) + AE.’ (J-) + (LD/K) (5) 
i cell 1, However, m > 1 and 
E,’ S$ AE,’ (Ja) + AES’ (Je) + m (LD/K) (6) 


in the larger cell. In both portions of this figure the 
vertical cross-hatching corresponds to Varop. 

If the current densities at A, and C, are the same 
as at A, and C, the anodic and cathodic polarizations 
will be the same. Thus E,’ will be insufficient to 
overcome these and the increased Varop. The current 
can be maintained by increasing E,’ to E,” as indi- 
cated in Figure 3. For all practical purposes E,’ is 
fixed by materials and the corrodent and cannot be 
varied at will. Most frequently, the equality in Equa- 
tion (6) can apply only if the current is reduced. 

It has been assumed that the anode and the cathode 
themselves are equipotential, but the solution in inti- 
mate contact with them will usually not be equipo- 
tential owing to the variation of the local current 
density from point to point on the electrode surface. 
If Cell Il were a “true” model of Cell I, the current 
densities and potentials due to overvoltages would 
be the same at all corresponding points in the two 
cells. Because of the factor in Equation (6), it is 
clear that II cannot in general be a faithful repre- 
sentative of I. 

In the field of corrosion, the effective driving force, 
4’, is determined by the open circuit potentials and 
the polarization curves of the components. Thus for 
the purposes of this paper it can be regarded as con- 
stant. Since all the terms in Equation (5) are posi- 
ive, Varop must be less than E,’, If L is very large, 
the current density will be small because the resist- 
ince is high and both AE, and AE, will be small. 
Thus 


r - + 


V drop “™ Be (5a) 
ind therefore the polarization is negligible in a very 
arge cell as mentioned by Kasper.® The magnitude 


» Specifically, D is the following line integral D = §{Js*ds where Js is 
the component of the current density along the line at any point. 
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of the current is controlled by the resistance of the 
corroding solution and its distribution (in this mac- 
roscopic cell) approaches that which would be ob- 
served with unpolarizable electrodes. 


If in contrast, one makes m so small that the re- 
sistance along the path mL is negligible, one ulti- 
mately reaches the condition where 


AE,’ + AE,’ = E,’ (5b) 


and the magnitude and distribution of the current 

density are controlled by the polarization. If the elec-° 
trodes are homogeneous in the sense that the anodic 

polarization curve (as a function of current density) 

is identical at all points on the anode and the same 

is true of the cathodic polarization curve, then the 

current density is uniformly distributed over each 

electrode. This is an important characteristic of a 

microscopic cell. 


It is suggested by Equations (5) and (6) that a 
large and a small cell might be models of each other 
if (m/K) could be kept constant. Then the current 
density and consequently AE,’ + AE.’ would remain 
fixed. The conductivity of K of the corrodent would 
have to be adjusted to achieve this result and it 
seems likely that this could not be done without 
affecting either the potentials or the polarization 
curves. This reasoning indicates that the physical 
size of electrodes does not exclusively determine the 
behavior of the galvanic system (i.e., the distribution 
of current). This follows because even with m large 
if the conductivity is made high enough, (m/K) can 
be small and thus the cell behavior would be similar 
to that of a microscopic system. 

The effect of current density on AE,’ and AE,’ is 
also important. As first pointed out by Pfannhauser,’ 
the higher the slope of the polarization curves, the 
more uniform the current distribution. (It might be 
mentioned, however, that Pfannhauser was con- 
cerned with electrodeposition and not corrosion). 
Thus if AE,’ plus AE.’ becomes equal to E,’ at very 
low current densities, the voltage drop for any path 
becomes insignificant and any variations of resist- 
ance within the electrolyte due to different geometric 
arrangements of the electrodes become of lesser im- 
portance, It is as though each element of the elec- 
trode surface were provided with a high (non-linear) 
resistance in series with the electrolyte resistance 
when the slope is large. The system appears to be 
behaving microscopically. 


Polarization Parameter 

These considerations show that both the slope of 
the polarization curves and corrodent conductivity 
influence the distribution of current within a gal- 
vanic cell as mentioned by Kasper.* Apparently it 
was first pointed out by Hoar and Agar* that the 
product of K with the slope of a polarization curve 
has the dimension of length. Wagner® more formaily 
defined this length, known as the polarization param- 
eter, to be 


(7) 
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ANODE WIDTH a IS CRITICAL 


CATHODE WIDTH c-d IS CRITICAL 


Figure 4—Cross-section through a plane gal- 
vanic cell. The drawings illustrate when each 
cell dimension becomes the critical one. 


where the subscript i stands for either anode or 
cathode. The vertical bars in this equation are a 
mathematical notation for the magnitude (or abso- 
lute value) of the quantity inside. 

Loose relative terms such as “very large’ have 
been used to describe galvanic cells above. However, 
this polarization parameter serves as a_ standard 
length for comparing various galvanic cells. If mL 
is much greater than Lj, the cell will behave as 
though it were made of unpolarized electrodes, In 
contrast, if mL is much smaller than L;, the current 
is uniformly distributed and the cell is “microscopic.” 

Note that the positions of A, and C, in Figure 2 are 
arbitrary; they could have been chosen very close 
to the anode-cathode junction, in which case L 
would have been infinitesimally small, In such a case 
mL would have been less than L whereas the path 
between two different points in the cell might be 
considerably larger than L. This emphasizes that 
some dimension of the cell is required for character- 
izing it rather than an arbitrary path in the corro- 
dent. 


Critical Dimension 


Such an appropriate physical dimension of the cell 
will be designated as A, the critical dimension. It can 
be defined as that dimension of the cell which most 
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CREST SPACING—— 
IS CRITICAL——Fe- 


= SEPARATION 
IS CRITICAL 


ELECTRODE 
WIDTH IS 
CRITICAL 


SEPARATION 
1S CRITICAL 


Figure 5—Cross-sections through two typical electrolysis cells. Draw- 
ings illustrate the critical dimension for each case. 


ANODIC AND CATHODIC 
CURRENT DENSITY 
Figure 6—IlIlustration of the tangent approximation to the polarization 


curves. The extrapolated potentials Ea,o) and Ey) are distinct from 
the open circuit potentials E. and E;. 


strongly affects the distribution of current density 
over the electrode surface. Generally speaking, it will 
be one of the smallest dimensions of the cell. 


For example, the cross-section of a galvanic cell 
is shown in Figure 4. Assume that the anode and 
cathode are quite long in the direction perpendicular 
to the paper but are not very wide. The cell might 
be contained in a long thin battery jar. The anode is 
a units wide, and the cathode is (c-a) units wide. 
The corrosive solution is sitting on the electrodes 
and is b units deep. This figure illustrates when each 
of the cell dimensions becomes the critical one, How 
these quantities affect the current density distribu- 
tion has been discussed by Waber.’® Two typical 
electrolysis or electrodeposition cells are depicted in 
Figure 5 and the critical dimension is illustrated. 
Note that the spacing of the very rough saw tooth 
can be the critical dimension and not the total width 
of the electrodes. These points have been discussed 
by Wagner.’ 


Condition for Model Experiments 


Now that the critical dimension A and the polariza- 
tion parameter L have been defined, one can formu- 
late the condition under which one can use a labora- 
tory cell as a model for a full-scale experiment. Two 
geometrically similar cells will be faithful models of 
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each other if the ratios of A to L are equal. This im- 

portant condition has not been generally recognized. 

Virtually no corrosion tests have been designed to 
ite with this condition in mind. 


If the electrical resistance of the corrosive medium 
i: high or if L is small in comparison to A, due to a 
ow slope in the polarization curve, the system can 

analyzed satisfactorily by assuming negligible 
larization. When (A/L) is large, the cell is called 
‘nacroscopic.” On the other hand, under corrosive 
conditions that permit strong polarization of the 
ectrodes (L is large) even very macroscopic elec- 
odes may behave as though they had microscopic 
mensions, “Microscopic” galvanic cells are charac- 
t-rized by relatively uniform distributions of the 
sirrent density. 


Estimation of the Polarization Parameter 


Equation (7) must be used to calculate both the 
iodic and cathodic polarization parameter. When 
ie cathodic process is the evolution of hydrogen, the 
equation may be simplified since the logarithmic 
form of the overvoltage curve known as Tafel’s equa- 
on applies. Without going into details, the cathodic 
larization parameter is given by: 
K 
oy, 
where J, is in amps/sq cm and K is in reciprocal 
ohms per centimeter. This polarization parameter 
varies from a fraction of a millimeter to slightly 
more than 3 cms, Typical values of L. as well as the 
anodic L, are given in Table I. 

This wide range of sizes suggests that unless the 
polarization curves have been determined under 
service conditions, the polarization parameter can- 
not be accurate. 

The extrapolation of data obtained on beaker-sized 
galvanic cells to galvanic cells involving, for example 
the hull and the propeller of a ship, may be unwise. 
On the other hand, laboratory specimens seldom 
need to be larger than a meter to simulate large 
service equipment. This statement is based on the 
supposition that L will be less than 4 inches or 10 
cms in any corrosive medium. However, larger val- 
ues may conceivably be found in the course of time. 


Approximate Polarization Curves 

To facilitate mathematical treatment of galvanic 
cells, Wagner® and others’*** have used a linear 
approximation to the polarization curve which is 
sufficiently accurate as long as the local current den- 
sities do not vary radically from one part of the elec- 
trode to another. One can visualize the situation by 
referring to an Evans’ polarization diagram. In Fig- 
ure 6, the curves for the anodic polarization of the 
anode and cathodic polarization of the cathode are 
plotted as functions of the current density J. Although 
they are found to be straight lines in many cases, 
this is not necessary. Tangents are then drawn to 
these curves at some appropriate current density, 
such as the mean of the local values and these tan- 
gents are extrapolated back to intersect the ordinate 
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Figure 7—The distinction between the potential of the polarized 
cathode and the approximate value is given by the linear or tangent 
curve. The error is indicated by crosshatching. 
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Figure 8—Variation of the interfacial potential along the electrode 
surface. The polarization as well as the Varop along path L in Cell | 
is depicted schematically. 


TABLE 1—Calculated Values of the Polarization Parameter 


| Metal Parameter 
| Involved | (cm) 


0.05! (75 C) 
0.14! (50 C) 
0.32 

<0.023 
1.12—3.12¢ 
0.41—2.545 


Solution Employed 


0.5 M lead perchlorate Lead 

0.5 M lead perchlorate natal Lead 

1 M cupric perchlorate eel Copper | 

3% NaCl + 0.25% H202 + ...| Zine 
| 
| 





<eesl Zinc 
Bayonne tap water See Steel 
Bayonne tap water... Nickel 


150 g zinc sulfate per liter + B(OH)s.. | Zine | 
45 g KeZn(CN)s + 152 KCN + 20g NaCl | 
} 
| 


+ 20 g NaOH + 1000 g H20 Zinc 
3% NaCl + 0.25% H202 + 0.6 N HCl Zinc 
0.2 N K ClOs Zinc 
0.05 N K Cl Zinc 








Note: Top six lines are anodic values and bottom six lines are cathodic values. 
1 Calculated by Waber!! from data of Pointelli and Poli!3. 
2 Calculated by Waber!! from date of Pointelli and Poli!4. 
8 Calculated by Waber!9 from data of Akimov and Golubev!5. 
4 Calculated by Hulme!®. 
5 Calculated by Waber from date of Copson. 
6 Calculated by Wagner® from data of Mantzell!’. 
7 Calculated by Waber!2 from data of Daniel-Bek!8. 


at Ey.) and E,.,.). These intercept voltages are, in 
general, very different from the respective equilib- 
rium voltages E; and E,. The zero point for the 
potential scale is now selected for convenience at 
E.~o) and the effective potential difference E, is 
defined as 


E. = Eaco) — Eco) (9) 
Note that this quantity is different from the effective 
driving force E,’, used above. The latter has more 


fundamental significance. 
There is a simple relation between the true and 
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Figure 10—Potential of the composite elec- 

trodes is shown for five different electrode 

geometries. The anode is the darker area. 

These drawings illustrate that the potential is 

proportional to the area fraction of anodic 
material. 


these approximate, linear polarization curves, If E, 
is the equilibrium potential of the cathode and E,,) 
the intercept of the tangent drawn at the mean cur- 
rent density Jmean, then as Figure 7 illustrates 


E, + AE,’ (J) = AE. (10) 


where AE, is the estimated cathodic polarization at 
current density J. The crosshatching in this figure 
illustrates the error in this approximation, If the 
minimum Jmin and the maximum current densities 
are not very different from the mean, the estimated 
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overvoltage AE, is only slightly too small. Similarly, 
the anodic polarization can be shown to be 


E; wie AE,’ (J) = Eace) eo AE, (11) 


where AE, is the estimated anodic overvoltage at the 
current density J. 


Both of these approximate overvoltages can be 
computed from the equation 


AE: = LiJi/K (12) 


where the subscript i has the same significance as in 
Equation (7). For many of the computations and 
derivations made to date, L,zhas been assumed to be 
equal to L,.. Waber’’ has indicated which (other) 
mathematical studies have been made where the 
polarization parameters were widely different. 

The variation of potential along the x-axis (in 
Figure 2) which is perpendicular to the junction, is 
illustrated in Figure 8. The voltage drop Varop be- 
tween points A and C is indicated schematically. 

Returning now to Figure 7, this approximate 
method of dealing with polarization works most ac- 
curately if the ratio (Jmax/Jmin) is not large, which is 
the case if L is much larger than the critical dimen- 
sion. In such “microscopic” cells, polarization is 
much more important than the resistive drop Varop. 
Macroscopic cells have large variations in current 
density and although (Jmax/Jmin) is very large, polar- 
ization is relatively unimportant. Thus the linear 
approximation holds best in those cases where polar- 
ization is most important, and breaks down in those 
cases where the electrodes act as though they were 
unpolarized. 


Potential of Composite Electrode 


The usual electrode potential measuring circuit is 
shown in Figure 9. It is common experience that the 
potential P(x,y), which is measured by locating the 
capillary tip of a reference electrode at point (x,y), 
varies from point to point in the corrosive medium, 
and that if the point (x,y) is far enough from the 
electrode surface the variation of potential with posi- 
tion becomes negligibly small. Schwerdtfeger and 
Denison’® have called such a large distance the effec- 
tive electrical boundary and have assumed that be- 
yond it the potential of the galvanic system has an 
(essentially) uniform value. How small are negli- 
gibly small variations? It is a matter of subjective 
opinion and is conditioned by the precision of the 
measuring equipment at hand. 

This uniform potential observed beyond the effec- 
tive electrical boundary has been called the potential 
of the composite electrode by Waber and his co- 
workers,” '17:29?1 who have dealt with plane elec- 
trodes. In some unpublished work,?*** this quantity 
has also been derived for spherical and cylindrical 
electrode systems where both the anode and cathode 
lie in the common, curved surface. Values of the 
potential and their pertinent electrode system are 
illustrated in Figure 10. 

If three plane electrodes are involved in the sys- 
tem, the potential of this composite electrode is 
shown in Figure 11. This three-element system can 
be reduced to an equivalent two-element system by 
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setting E, either equal to zero in which case the com- 
posite potential becomes (a/c)E,, or by setting it 
equal to E, in which case the potential becomes 
(b/c) Eg. 

In all these cases studied, the potential of the com- 
posite electrode is equal to 


{area of anode) E, (13) 


(area of anode plus cathode) 


[In the two and three electrode systems, as long as 
the metallic strips are each M units long in the direc- 
tion perpendicular to the paper, the ratio of areas 
will be equal to the ratio of their widths. When the 
cylindrical arrangement consists of a cylindrical ring 
inode imbedded in a longer cylindrical cathode (of 
the same radius) the ratio of areas is equal to the 
ratio of heights, namely (2h/2H) or (h/H). When 
the anode is wedge-shaped, the ratio of areas is equal 
to 8/a where the angle 8 is in radians, since the area 
of a pie-shaped cut of a circle is 8r?. When there are 
two wedge-shaped anodes, the ratio is 28/z. 

In the spherical case, the area of an anodic cap is 
2zrh where h is the altitude of the cup. If the cap is 
included by the colatitude angle 0, the altitude h is 
r(1—cos@). Thus the ratio of areas is 2rr? (I—cos®) 
/4zr* if there is only one cap and is twice that if 
there are two caps. 

Thus in all of these systems, the potential at in- 
finity (i.e., that of the composite electrode) is the 
anodic fraction times the effective potential differ- 
ence E,. The mathematical analysis was subjected 
to the condition that the anodic value of L was equal 
to the cathodic value. While this condition is not 
true in all practical situations, it is not a very strin- 
gent condition when one is discussing such a variety 
of geometric arrangements. 

The implication of this result is that when one is 
measuring a potential, the value obtained is dependent 
upon the relative amounts of anodic and cathodic 
material as well as on their open-circuit potentials. 
If the electrode metal is not pure, the measured 
potential will reflect this. 


Distribution of Current 

The question of distribution of current is too diffi- 
cult to present adequately here since there is an 
interplay between the cell dimensions and the polari- 
zation parameter. For example, in a plane cell with a 
given anodic width a and an electrolyte depth of 5, 
the characterizing ratio may be (a/L). However, as 
the liquid depth is greatly reduced so that b is very 
much smaller than a, it becomes the critical dimen- 
sion. Numerous graphs are needed to fully illustrate 
this interplay. 

Assuming that a/L is fixed, one can see what hap- 
pens to the current distribution as the cathodic width 
increases. The ratio of the (approximate) maximum 
anodic current density near the anode-cathode junc- 
tion to the minimum anodic current density at 
some point remote from the junction, have been 
computed and is presented in Tables 2 and 3. The 
latter table is computed for an infinitely large cathode. 
The ratio is low in “microscopic” cells, for instance 
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Figure 11—Potential of the composite. A three 
electrode system is depicted for two arrange- 
ments. 


TABLE 2—Ratios of the Approximate Maximum to the Minimum 
Corrosion Current Density 











a/I a/c = % ajo =% 
0.05 1.16 1.04 1.03 
0.5 2.75 1.38 1.52 
5 22.0 5.22 4.40 
10 | nie a Tees 

50 181 41.7 31.4 
we Dai 7s LR Dae 
~ 765 | 318 132 











TABLE 3—Ratios of Maximum to Minimum Current Density for an 
Infinite Cathode 








a/L Jmax/Jmin 
0.01 1.0045 
0.1 1.05 
1 1.59 
5 4.44 

10 8.26 

100 79.0 


with (a/L) set at 0.05, but rapidly increases as (a/L) 
becomes 50 and the cell becomes “macroscopic.” A 
large value of the ratio indicates a very non-uniform 
distribution of the current density characteristic of 
unpolarized electrodes, 


Discussion and Summary 

The behavior of galvanic cells has been described 
in terms of a “size effect.” In order to do this, one 
must introduce the concepts of a critical dimension A 
and a polarization parameter L. It was pointed out 
that irrespective of its physical dimensions, a gal- 
vanic cell may behave as though it were “micro- 
scopic or “macroscopic” depending on whether the 
ratio of A to L is small or large. 

The critical dimension of a cell can be defined as 
that one which affects the distribution of current 
density most strongly. In general, it is one of the 
smaller cell dimensions such as the separation of 
electrodes or the depth of electrolyte. 

A “microscopic” cell is characterized not only by a 
low (A/L) ratio, but also by a relatively uniform 
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distribution of the current density over the electrode 
surfaces. In contrast, a “macroscopic” cell behaves 
as though its electrodes were unpolarizable and the 
current density is not uniformly distributed. In this 
case, the corrosion is mainly controlled by the elec- 
trical resistance of the corrosive media, whereas it 
was largely controlled by the polarization of the 
electrodes in the “microscopic” case. 

The polarization parameter is equal to the product 
of the slope of the polarization curve and the con- 
ductivity of the electrolyte. It ranges in dimension 
from a tenth of a millimeter to a few centimeters. 
Scaling up laboratory experiments can be done as 
long as the ratio (A/L) is equal for the laboratory and 
for full-scale “field test.” In general, however, the 
experiment done on a laboratory bench will not be 
a faithful model of the tests done in plant equipment. 
This “size effect” may account for one more of the 
many reasons for the frequent discordance between 
laboratory and pilot plant experiments. 

The use of the linear approximation to the polari- 
zation curves has been described and it has been 
pointed out that it works best in galvanic systems 
which are behaving “microscopically.” That is, it 
works best in those systems in which polarization 
effects are dominant. 

The potential of a composite electrode is depend- 
ent on the relative areas of the two electrodes (which 
lie in a common plane) as well as on the open cell 
potentials of the components. 


Notations Used 


V. = uniform potential of the anode at equilibrium. 
Varop = potential drop along a path laying in the cor- 


rodent. 
P(x,y) = potential at any point (x,y) in the solution. 
E,’= effective potential difference (driving force) 


between the anode and cathode. 

The symbols E,,.), E, and AE, pertain to the linear 
approximation employed while E:, E;, AE,’ and AE,’ 
are steady state non-equilibrium potentials and po- 
tential differences. 
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Use of High Silicon Cast Iron for Anodes 


NACE Technical Unit Committee T-2B 
On Anodes for Impressed Currents* 


Prepared by Task Group T-2B-4 on High Silicon Cast Iron Anodes** 


Introduction 
'J. ASK GROUP T-2B-4 was assigned on August 
30, 1955, the work of correlating information on 
iigh silicon cast iron anodes, Over 100 questionnaires 
ere distributed to companies having these anodes 

. service and many other known users were not con- 

icted because detailed service information was avail- 
ble to the committee already. 

Approximately 75 percent of those contacted gave 
information on their work. While some replies pro- 

ided no immediately useful data, the majority proved 
very helpful. Installations in many cases were too 
recent to provide anything other than a general de- 
scription of the project and the initial electrical char- 
icteristics. 

Because of the large number of replies received, it 
was not considered practical to summarize each reply 
separately. Therefore only the general trend of re- 
sults is given in this report. 

Although all replies were not in complete agree- 
ment a clear trend was established on the most 
important points where conflicting data were at a 
minimum, A few reports on installations are sum- 
marized in some detail to illustrate a particularly im- 
portant point. 

For convenience results are subdivided into three 
general categories: Ground bed, fresh water and sea 
water, Each category will be considered separately 
and discussed in detail. 


Ground Beds 


Approximately 35 individual files were compiled on 
ground bed applications. Many of these files involved 
more than one ground bed containing high silicon 
iron anodes. Numerous installations were made with 
anodes surrounded by tamped coke breeze and it 
was the consensus that no electrical difference exists 
between a ground bed made with graphite and one 
tnade with high silicon iron. 

Table 1 illustrates the comparison between high 
silicon iron and graphite anodes under varying con- 
litions, mainly with coke breeze backfill. The con- 
ept that the central rod or anode merely serves as 
he electrical contact with the larger backfill anode 


*T. J. Maitland, American Telephone and Telegraph Co., New York, 
N. Y., chairman. 
*w. L. Scull, Colorado Interstate Gas Co., Colorado Springs, Colo., 


chairman. 
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Abstract 


Reports of data received in reply to questionnaires 
circulated by the task group are reported. Data 
indicate high silicon cast iron anodes can be ex- 
pected to perform satisfactorily both with and with- 
out coke breeze ground beds and that economics of 
installation without ground beds frequently is good. 
Difficulties were reported from chlorine gas block- 
ing when anodes were installed in environments 
with high chloride content, including drastic reduc- 
tion in service life. 

Successful installations in fresh, brackish and salt 
water are reported. Temperatures up to 200 F appear 
not to be significant in fresh water and variations in 
pH from 3 to 10 have no marked influence on wastage 
rate. In high chlorine fresh waters heavy wastage is 
reported at temperatures in the range 150-160 F. In 
sea water or brackish waters with high chloride con- 
tent heavy attack occurs at temperatures over 150 F. 

5.2.3 


was substantiated in this work, Numerous instances 
were cited where either additions to an existing 
graphite ground bed were made or a new bed was 
installed using both materials and the anode resist- 
ance and current discharge from both materials were 
of the same magnitude. 

In most instances 1%-inch or 2-inch diameter x 60- 
inch sizes provided the same results. Therefore, 
the single anode resistance of a high silicon iron 
anode in a 10-foot column of backfill 1 foot in diame- 
ter is given by the expression R equals 0.002p where p 
is the resistance of the earth in ohm-centimeters. 

Backfill materials other than coke breeze cannot 
be recommended because the two attempts reported 
did not give satisfactory results, In one instance gyp- 
sum was tried as a backfill material. It did not lower 
the anode resistance appreciably and wood fiber 
plaster backfill reacted similarly. The latter will be 
checked at a later date when a follow-up of these 
installations is made. All laboratory and field tests 
indicated that wet or dry coke breeze had no dele- 
terious effect on the high silicon iron material. In 
well tamped coke breeze consumption rates on high 
silicon iron were sufficiently low to indicate 20 years’ 
service or more. 

Because high silicon iron appears to have no prac- 
tical current density restrictions in ground bed serv- 
ice it has been substituted sucessfully for other anode 
materials in many difficult services. When so used 
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consumption rate on high silicon iron increased al- 
though it was still in the acceptable range as illus- 
trated below: 


Variable Water Table 

Two 4-inch diameter x 80-inch graphite anodes 
originally installed in a vertical position in coke 
breeze backfill to protect a lead sheathed telephone 
cable failed after three-four years, Failure occurred at 
a point approximately 6 inches from the top of the 
anode and the lower end also was heavily attacked. 
This apparently indicated a varying water table 
which often saturated the coke breeze causing un- 
even current discharge, Graphite anodes were re- 
placed with two 1'%-inch diameter x 60-inch silicon 
iron anodes and the same electrical characteristics 
(3 amperes at 27 volts) were achieved. After one 
year’s service the high silicon iron anodes were re- 
moved and inspected, Consumption rates of 0.75 
and 0.93 pound per ampere year were measured, in- 
dicating many years’ successful operation could be 
expected at the current densities prevailing. 


Installation in Quicksand 

A ground bed of nine graphite anodes originally 
installed in river bottom quicksand supplied protec- 
tion to a gas transmission line. Quicksand was en- 
countered at six feet making it impossible to main- 
tain an open hole. Accordingly the lower two feet 
of the anode was pushed into the quicksand and the 
upper three feet was surrounded by tamped coke 
breeze. The anodes were arranged in a single row 
at 30-foot spacings with an initial current output of 
30 amperes at 40 volts for a total loop resistance of 
1.33 ohms, After approximately 15 months’ time it 


TABLE 1—Comparison of High Silicon Iron (HSI) Anodes and 
Graphite (G) Anodes Under Identical Ground Bed Conditions 


All Anodes Vertical Except Tests 1 and 2 


Anode 
Description 
Test Dimension in 
No. Inches 
j 1—HSI, 2x60 Soil 
18—G, 2x80 Soil 


Average 

Current 

Anode 

Location Backfill Amperes 
Coke Breeze 
Coke Breeze 


I. 
¥, 


5 


Salt used in Soil 1 
Salt used in Soil 2 


Moist Soil 
Moist Soil 


HSI, 14x60 
G, 3x60 


HSI, 1x60 Soil | Coke Breeze 
—G, 3x60 Soil Coke Breeze 


HSI, 2x60 
G, 3x60 


Swamp None 
Swamp None 


HSI, 2x60 Soil Coke Breeze 
G, 3x60 Soil Coke Breeze 


HSI, 2x60 Soil Coke Breeze 
G, 3x60 Soil Coke Breeze 


HSI, 2x60 Soil None 
G, 3x60 Soil None 


HSI, 1x60 Soil Coke Breeze 
G, 3x60 Soil Coke Breeze 


HSI, 2x60 Soil Coke Breeze 
G, 3x60 Soil Coke Breeze 


HSI, 2x60? Soil Coke Breeze 
G, 2x608 Soil ‘oke Breeze 


HSI, 3x60* Soil ‘oke Breeze 
—G, 3x605 Soil ‘oke Breeze 


1 Anodes were located at different depths which had different soil resis 
tivities as noted. 

2 21,500 ohm-cm resistivity soil. 

3 16,500 ohm-cm resistivity soil. 

419,600 ohm-cm resistivity soil. 

5 25,500 ohm-cm resistivity soil. 
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was noted that the current had dropped to six am- 
peres, An examination revealed the lower parts cf 
all anodes were completely destroyed. The bed was 
abandoned and an identical one constructed nearby 
using 2-inch diameter x 60-inch silicon iron anodes 
with the lower two feet in quicksand. Initial curre: t 
output was 20.7 amperes at 39 volts for a loop resis'- 
ance of 1.91 ohms. 

During the next five months the resistance stea: - 
ily decreased to 1.10 ohms (34.6 amperes at 379 
volts), The decline in loop resistance indicated th: t 
soil conditions were not typical immediately after 
installation. After one year readings on the high 
silicon iron anodes were 37.0 amperes at 36.5 volts, 
A first year average of 33.3 amperes, 36 volts, or a 
loop resistance of 1.08 ohms was obtained from th:s 
installation. 

Three high silicon iron anodes removed after one 
year’s service operated at an average current of 1.2}, 
1.48 and 1.63 amperes and showed a consumption 
rate of 0.73, 1.10 and 0.31 pound per ampere year 
respectively. This was an average of 0.71 pound per 
ampere year for the three, Based on these first read- 
ings the bed should last more than five years or ap- 
proximately five times longer than the original in- 
stallation. 


Use Without Backfill 

High silicon iron is not immune to attack but 
because of its concentrated mass substantial life ex- 
pectancy appears possible even under drastic condi- 
tions. 

A relatively large number of high silicon iron 
anodes were installed without backfill of any type, 
in most cases where backfilling was not feasible. In 
other instances special techniques were employed 
for installing anodes rapidly and inexpensively. In 
these latter instances while it was realized a few 
more anodes might be required, their cost would be 
small compared to installation costs. 

At the annual meeting of Unit Committee T-2B in 
1955, a report' was made on a jetting technique for 
installing anodes using high pressure water. By this 
means 60-inch anodes were installed to an 8!4-foot 
average depth in about one minute. Several installa- 
tions have been made successfully using this tech- 
nique. 

After an additional one year’s service the original 
bed of jetted anodes continued to show good output, 
indicating no tendency to gas blocking, Twenty 2- 
inch diameter x 60-inch anodes produced 36 amperes 
at about 43 volts. 

Use of jetting techniques apparently is not re- 
stricted to soft soils because a report was received 
also of a similar technique used successfully in sev- 
eral types of soil including “Westchester Hard Pan” 
and heavy gravel, both of which are known to be 
very difficult to work, Jet installation takes more 
time in difficult soils but high silicon iron anodes 
still can be installed successfully. 

Because installations without backfill require a some- 
what larger number of anodes for the same total bed 
resistance, calculations were made on the single anod 
resistance using several high silicon iron anode sizes 





Pebruai 


hese 
x 60-i1 
used a 
expres 
eter X 
produc 
<pond 
‘| here 
resista 
formu 
1ot us 
\\ith t 
ele p 

e an 
e out 
Lifor 
jitial 
1) Wa 


crossit 


( rowd 
Whi 
ereate 
t.ictor 
s il, a 
to red 
0.75 of 
in 12-1 
would 
anode: 
anode, 
the ex 
or mol 
can be 
anode 
that of 
of bat 
favora 
120 di 
interfe 
of a si 
more | 
ones, 
utilizis 
The 
to the 
is ada 
install 
in bot 
areas, 
the an 
than 1 
heen f 
althou 
1-in 
anode: 
joined 
surfac 
Hig 
soils 
vious] 
icid ¢ 
ind al 
have | 


but 
ex- 
di- 


February, 1957 


These calculations show that for a 2-inch diameter 
x 60-inch size the expression R equals 0.005p may be 
used and for the 11%4-inch diameter x 60-inch size the 
expression R equals 0.006p holds, Two 1%-inch diam- 
eter x 60-inch anodes joined end-to-end with a stud, 
producing an effective length of 120 inches, corre- 
spond closely to the expression R equals 0.0035p. 
‘here were a few instances in which the single anode 
sistance of a bare anode did not approximate these 
rmulas, In several instances where backfilling was 
ot used the initial bed resistance continued to drop 
ith time indicating that it may require an appreci- 
‘le period for the soil to become well packed around 
e anode, In one case the bed resistance increased 
out 50 percent in a few months under seemingly 
form conditions. The jetting technique gives good 
itial contact, Good contact would be achieved also 
water-saturated areas, such as swamps, rivers, 
ossings, ete. 


rowding Factor Minimized 

While the resistance of a single bare anode is 
greater than for a backfilled anode the ‘“‘crowding” 

ctor is not as important. In reasonably uniform 
soil, anodes at a spacing of 25 diameters interfere 
to reduce the effect of the anodes to the exponent 
0.75 of the number installed. For example, ten anodes 
in 12-inch coke breeze columns at 25-foot spacings 
would have a resistance equal to 5.6 independent 
anodes each with 1/5.6 of the resistance of a single 
anode. When the spacing is reduced to ten diameters 
the exponent is 0.45 while spacings of 100 diameters 
or more give a negligible interference effect, Thus it 
can be seen where a single bare high silicon iron 
anode has an effective resistance of about 2! times 
that of a backfilled anode (using 2-inch size), a group 
of bare high silicon iron anodes compares more 
favorably. Twenty-foot spacing for 2-inch anodes is 
120 diameters, At this distance there is virtually no 
interference and ten anodes have 1/10 the resistance 
of a single anode. The result is that only 40 percent 
more bare anodes are required to equal 10 backfilled 
ones, Other factors are involved but these favor 
utilizing bare anodes. 

The above information has a varying significance 
to the average corrosion engineer. High silicon iron 
is adaptable equally to backfilled and non-backfilled 
installations and the same type of anode can be used 
in both. The material is suitable equally to swamp 
areas, river crossings and high resistivity areas where 
the anode often must be installed at greater depths 
than normal for best results. The 1'%-inch size has 
heen found most suitable for average backfilled jobs 
although under conditions where consumption is low 

l-inch anode may prove adequate. Where bare 
anodes are applied, 2-inch or two 1%-inch anodes 
joined end-to-end are best because they give added 
urface area and better electrical characteristics, 

High silicon iron anodes also are being tested in 
oils where difficulty has been encountered pre- 

iously with other materials. These include highly 
icid coal piles, clay soils with a high sulfate content 
ind alkaline soils, In all cases no deleterious effects 
have been noted. 
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High Chloride Soils Troublesome 

Greatest difficulty with high silicon iron has been 
experienced in high chloride soils. This point was 
mentioned at the committee’s 1955 annual meeting. 
It was reported then that steps were beirg taken to 
determine the extent of the problem and possible 
means for rectifying or at least minimizing the diffi- 
culty. Results still are not entirely clear because the 
problem proved to be more complex than originally 
thought. 


“Gas Blocking” Reported 

In a few installations high silicon iron has been 
attacked by “gas blocking” with chlorine gas which 
resulted in anode attack. If the attack is selective it 
destroys the anode before the end of its useful life. 
In other instances anodes have operated with vir- 
tually no attack. A commercially available high sili- 
con iron alloy containing molybdenum may possess 
desirable properties in chloride-containing environ- 
ments, While one such alloy has given much better 
results in the few ground beds in which it has been 
applied, considerably more testing will be required 
before final conclusions can be drawn. Additional 
tests now are in progress, Although numerous at- 
tempts have been made to duplicate “gas blocking” 
in a laboratory, it was found to be virtually impos- 
sible if quantitative results were desired. It is pos- 
sible to obtain localized attack under taped areas 
and while tests of this type gave a good indication 
of the resistance of a material to gas blocking, they 
do not indicate final recommendations. Such tests 
show superiority of alloys containing molybdenum 
because they do not corrode under the tape. 


Fresh Water 

High silicon iron has been used successfully in fresh 
water. It has been determined by laboratory tests 
that fresh waters corroded high silicon iron at rates 
approximating 0.25 pound per ampere year in the 
0-3 ampere per square foot range. This rate appears 
to apply without respect to the pH of the fresh water 
because the same general results are observed at pH 
values ranging from 3 to 10. 

Service results based on a two-year maximum 
service period compare very closely with the labora- 
tory results and indicate that life expectancy of high 
silicon iron is excellent under all field conditions 
tested. Reports of over 50 installations received to 
date indicated good results, Several typical installa- 
tions are cited. 

High silicon iron anodes were substituted for alu- 
minum in a water treating basin where the latter 
gave 18 months’ service. One-inch anodes showed 
no measurable corrosion after a year’s service and 
were expected to provide many times the service life 
obtained from aluminum. Current density was about 
275 milliamperes per square foot. 

No measurable weight loss was noted on four 
l-inch high silicon iron anodes after two years’ serv- 
ice protecting a fresh water standpipe at a compres- 
sor station. Previously used aluminum anodes gave 
less than two years’ service at a 450 milliamperes per 
square foot current density. Based on initial results 
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life expectancy of the high silicon iron anodes is in 
excess of 20 years. 

A report was presented at the committee’s 1955 
annual meeting on a high silicon iron anode installa- 
tion being evaluated in the water service tank of a 
large building in New York City where at that time 
high silicon iron was performing satisfactorily. It 
has been reported since that the original 2-inch anode 
was weighed and found to be corroding at a rate of 
0.19-pound per ampere year. This rate is based on a 
two-year test. This 2-inch anode was one of the 
original anodes supplied in this experimental pro- 
gram and was used in parallel with a group of alu- 
minum anodes to protect the tank, The high silicon 
iron anode continued to take an increasing propor- 
tion of the total current and after approximately one 
year, the aluminum anodes were replaced with a 
group of l-inch high silicon iron anodes joined end- 
to-end to give the desired length. After approxi- 
mately one year’s service, five of these l-inch anodes 
were weighed and the consumption rate calculated 
to be 0.16-pound per ampere year average. These 
figures check closely with those obtained in the labo- 
ratory and indicate a long service life with freedom 
from objectionable corrosion products, Current den- 
sity in this installation is approximately 250 milli- 
amperes per square foot. 

High silicon anodes have been used at 750 milliam- 
peres per square foot densities. A group of 1-inch 
x 60-inch anodes and a string of small anodes joined 
in tandem with lead wire for standpipe service were 
used to protect a 460,000-gallon city water tank and 
after 10,000 ampere hours no visible corrosion was 
noted. A total of 14 amperes was impressed at 17 
volts, or about 750 milliamperes per square foot of 
anode surface. 

Twenty 1-inch high silicon iron anodes have oper- 
ated for approximately 350,000 ampere hours or the 
equivalent of 1" years on a 100,000-gallon steel tank 
with very little corrosion noted, Current density of 
approximately one ampere per square foot was 
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needed in this installation because water being har 

dled was so treated for special boiler use that it pri 

duced no calcareous deposits to limit corrosion. Very 
slight anode corrosion was noted in this severe ser 

ice whereas aluminum anodes required replacemer 

every six months, 


Temperature not Significant 


Corrosion of high silicon iron does not vary withi 
normal ranges of temperature. Anodes have operate 
satisfactorily at temperatures up to 200 F with n 
increased attack. This material is being installed cur- 
rently in applications where temperatures of thi 
magnitude are involved and results have been prom- 
ising so far. Pasteurizing units, boiler water fee:l 
treating units, condensate return holding tanks, etc., 
are typical uses. 

Protecting lead wires and the necessity of design- 
ing the installation to avoid lead wire immersion 
cannot be overemphasized. It must be pointed out 
also that the chlorine content of fresh waters is very 
important, especially at the higher temperatures. If 
composition of the water is such that chlorine gas 
can be generated at the anode surface, it becomes 
very destructive, especially at temperatures in excess 
of 150-160 F. 

Sea Water 

Information on laboratory testing of high silicon 
iron in synthetic sea water has been reported at 
several meetings of the committee. These tests 
showed relatively low consumption rates at current 
densities up to approximately 10 amperes per square 
foot as indicated in Table 2. 

Tests in sea water conducted at the Kure Beach- 
Harbor Island Test Station, Wrightsville Beach, 
North Carolina, are also reported in this table, 


Figure 1 was drawn from sea water data in Table 2. 


Considerable interest has been shown in the use 
of high silicon iron in sea water and numerous trials 
have been made at a wide range of current densities. 
The most suitable current density to use depends 
upon the desired life of the installation. If a rela- 
tively large anode is used and a current density be- 
low three amperes per square foot selected, a life 
expectancy of 10 years appears definite. However, 
life varies in direct proportion to current density 
with expectancy diminishing as density increases. 
When the required life of an installation is not over 
three or four years a much higher current density 
can be tolerated on a large anode. The effect of heavy 
silt on anode life, when an anode is allowed to sink 


TABLE 2——Laboratory 





Consumption Rate, Lb./Amp. Year 


Current Density Synthetic 
Ft. Sea Water | Sea Water! 


Nil 1.0 
0.25 | 0.42 
0.32 | 0.74 
0.53 | 8 


0.85 


0.90 


1 Kure*Beach-Harbor'Island Test Station. 79 days on 114x12-inch anodes 
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freely, is variable so it is preferred that anodes be 
supported by ropes. If chlorine generated can dissi- 
pate readily, no difficulty will result, but when silt 
retards chlorine diffusion anode consumption in- 
creases, Many installations are being made taking 
these limitations into account. 


It appears that when a high silicon iron alloyed 
ith molybdenum is used the difficulty is reduced. 


A report made previously to the committee on 

sts conducted with high silicon iron at Yonkers 
aid New Rochelle, New York, indicated severe 
“necking” tendency on 2-inch anodes, but this ten- 

‘ncy was greatly reduced by omitting radiator hose 

the top which apparently served as a gas trap. It 

is been reported since that an anode which originally 
-1owed a 2.1 pound per ampere year consumption 
rite after 16,000 ampere hours at 7.7 amperes per 
<juare foot in 75 percent sea water dropped to 0.61 
;ounds per ampere year after about 100,000 ampere 
jours. This illustrates the tendency for corrosion to 
ciminish with time. In sea water at 4.2 amperes per 
-quare foot a proportional consumption rate drop 
vith time was obtained. 

High silicon iron anodes alloyed with molybdenum 
ilso were tested in sea water service and showed a 
ower consumption rate than the high silicon iron 
anodes under equivalent conditions, Tests are con- 
inuing with both alloys using 3-inch diameter 
inodes designed to reduce difficulty at the lead con- 
iection. This work indicates the general suitability 
f these alloys for sea water service, 


Cooler Box Installations 

Several failures of high silicon iron have been 
noted in cooler boxes where they operated at 150 F 
and higher. At current densities normally used with 
high chloride-containing media like sea water or 
brackish water, considerable quantities of chlorine 
gas are generated at the anode surface and at tem- 
peratures near 150 F rapid attack results. 

Based on a relatively small amount of field data, 
the critical temperature for high silicon iron alloy 
is in the range of 130-160 F with the exact temper- 
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TABLE 3—Comparative Laboratory Tests of High Silicon Anodes 
With and Without Molybdenum 


1.0 amp/sq ft Current Density, One Week 








Consumption Rate, Lb./Amp. Year 

| Molybdenum 
High Silicon | Alloyed 

0.479 0.330 

0.595 0.320 

0.602 0.320 

0.489 0.470 

1.78 0.475 

4.78 0.272 
0.202 


Temperature Degrees F 


| 
| 
| 








ature dependent on the volume of chlorine gas gen- 
erated. In brackish waters having relatively small 
amounts of chlorine the maximum temperature may 
be 160 F while in sea water a temperature of 130 F 
is the maximum. 

Comparative laboratory test results in synthetic 
sea water on high silicon iron anodes and anodes 
alloyed with molybdenum at various temperatures 
with a 1.0 ampere per square foot current density 
are given in Table 3. 

The difference in the ambient temperature con- 
sumption rate in Table 3 for high silicon iron and 
that shown in Table 2 under like conditions is the 
result of different test periods. Rates from one week 
tests (Table 3) generally are higher than those from 
tests of longer duration (Table 2). Superiority of 
the high silicon iron alloy with molybdenum at 
higher temperatures is clearly demonstrated. 


Service failure of high silicon iron anode at 175- 
200 F prompted evaluation of the molybdenum- 
alloyed iron. Duplicate test results were reported at 
150 F to indicate the border-line resistance of high 
silicon iron at this level, The reason for the decreas- 
ing consumption rate for the molybdenum-containing 
alloy at the higher temperatures has not yet been 
determined. This alloy is now being evaluated in 


the field. 
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The Use of Graphite As Duct Anodes” 


By A. L. AYRES 


Introduction 
HE RETARDATION of underground lead 
sheathed cable corrosion may be accomplished 
by the application of cathodic protection, There are 
three generally accepted methods in the design of 
the associated anodes. 

The first method, known as the point anode system, 
makes use of a large central anode bed. This is 
usually the most economical system to install, How- 
ever, its use in many cases is unsatisfactory because 
of the difficulty in locating suitable anode sites and 
the susceptibility of other underground structures to 
interference currents from this source. 

The second method, known as a distributed anode 
system, makes use of several small individual anodes 
installed adjacent to the conduit system at specified 
intervals. This method minimizes many of the inter- 
ference problems, but the cost of installation in 
urban areas usually is excessive, 

The third method, known as a duct anode system, 
consists of a sacrificial anode placed in a spare duct 
paralleling the cables to be protected. This method 
is ideal when the manhole sections requiring pro- 
tection are few in number and are at scattered loca- 
tions, The results of field tests indicate that inter- 
ference with adjacent foreign underground structures 
with this system is practically nil. The operating 
life of such anodes is limited by the amount of sacri- 
ficial material that can be installed in the duct and 
the electro-chemical equivalent, pound per ampere 
year loss of the material. 

The need for this third system has increased ma- 
terially since the abandonment of many electrified 
railroads and trolley systems. Prior to this, proper 
bonding to sub-stations provided enough drainage 
current to alleviate or mask the effects of local cor- 
rosion cells and galvanic potentials. 


Lead Anodes 

Since 1937 the New Jersey Bell Telephone Com- 
pany has been using lead as the anode material. The 
first anode consisted of AAA %-inch lead water pipe 
with a No, 2 rubber covered wire in the core. The 
wire provided a means of pulling in the anodes and 
also served as the connection to the rectifier. Need- 
less to say, with the loss rate of lead being approxi- 
mately 75 pounds per ampere year, these anodes 
failed to last for any appreciable length of time. It 
also was discovered that these anodes had a tend 
ency to separate as a result of the large dissipation 


of the metal at the duct joints. 


% Submitted for publication May 23, 1956. A paper presented at a 
meeting of the Northeast Region, National Association of Corrosion 


Engineers, New York, N. Y., May 9-11, 1956. 
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Abstract 
A method of installing distributed graphite anodes 
in ducts paralleling power cable ducts is described, 
together with a variant of the method of installing Locat 
them developed by the Bell System and National ——— 
Carbon Company. Results of surveys of manhole 
sections in areas where telephone cables in Hoboken, 
N. J., were failing are given, together with the value Manl 
of the cable sheath and proposed remedial measures. os 
Cost of the protection is itemized. Tables are given 
showing estimated and actual anode current and a 
service life. Rene 


Starting in 1942 these anodes were replaced with 
“Electrolysis Control Cable.” This cable had a 6000 
pound steel stranded wire for a core which was in- 
sulated from a half inch of lead extruded over it. The 
cable weighed approximately 7.5 pounds per foot, 
which was considerably more than the original water (s 
pipe. Observations made of installations utilizing Secti 
this anode indicated that the tendency of large dissi- 
pation of metal still existed at the duct joints. It also 
was found that the salts formed at the point of de- thus 
composition anchored the ‘Control Cable” at the expe 
duct joints. This necessitated the moving of the 
anodes approximately six inches every six months, oad 
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Figure 1—Philadelphia type graphite anode. 
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TYPICAL DUCT POTENTIALS 
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Figure 2—Graphite duct anode of the type 
manufactured by the National Carbon Company 
for the Bell System. 


Figure 3—Schematic of protective system used on manholes sections listed in Table 1. 


_TABLE 1—Results of Duct Svea 


| 

| rt 
| | 
| Cable | Value 
No. of | Sheath | of | | 
Location | Cables | Footage | Sheath | 


No. of Cost of 


| 
| 
| 


M anhole | $9,570.00} 6 
735- (From | 
737 1948- 1953)| 
9 


(2 | 


Sections) | | | 


| $16,720.00) 4 
| | (From 
1948-1953) 


Mz anhole 3298 


| 
| 
| 
| 


Sections) 


Manhole 7584 | $34,691.00) 7 
| 


| (From 
1949-1953)| 
Sect ions) 


thus creating an additional maintenance problem and 
expense. 


The Philadelphia Electric Anode 

The Philadelphia Electric Company designed a 
duct anode consisting of small graphite rods spaced 
at intervals along an insulated header wire (See 
Figure 1). These graphite rods were 2 inches in 
diameter and 18 inches long and were equipped 
with a No, 8 rubber insulated copper wire lead or 
pigtail approximately two feet long. The header wire 
was a No, 4 stranded copper wire with thermoplastic 
insulation. 

The duct anode was assembled by the Stuart Steel 
Protection Corporation in the following manner, The 
pigtails of the rods were served and soldered to the 
header wire at five-foot intervals. Each connection 


was insulated with a minimum of four layers of 


Failures | | Repairs 


| $1,800.00 


$3,900.00 


| 


| $6,000.00 | 
| 


Volts) 





| | 
Potential | Current 
in Loss to 
Duct | Slug (in 
(in | Milli- 
| amperes) | 


Cost of 
Protection 


Proposed Remedial Measures System 


Place rectifier on pole opposite MH No. 
736 


736. 
| Place duct anode extending 250 feet 
—0.23 | from MH No. 736 toward MH No. 
to | 735 operating at 1 ampere. 
+0.07 | 8 Place duct anode extending 225 feet 
from MH No. 737 toward MH No. 
736 operating at 1 ampere. 
| (Duct anodes are placed in current loss 
areas). 


$1,450.00 


Place rectifier ¢ on pole opposite MH No. 
739. 

Place duct anode extending 290 feet 
from MH No. 738 toward MH No. 
739 operating at 2 amperes. 

| Place duct anode extending 35. 

from MH No. 739 toward MI 

740 operating at 2 amperes. 

| (Duct anodes are placed in current loss 

areas). 


$1,800.00 


5 feet 
{1 No. 


| Place rectifier on pole opposite MH No. 
772. 

| Place duct anode operating at 3 amperes $2,000.00 

between MH No. 771 and MH No. 772. 

| Place duct anode operating at 10 amperes 

between MH No. 772 and MH No. 773. 





rubber insulating tape. A layer of thermoplastic tape 
covered the rubber tape. 

Graphite was selected because of its low dissipa- 
tion rate of 2.1 pounds per ampere year. The weight 
of a 2 inch diameter, 18 inch long graphite rod is 
approximately four pounds. The theoretical ampere 
capacity of such a rod is 1.9 ampere years. However, 
it is anticipated that the effective capacity will be 
approximately one half of this value. 

No. 4 stranded copper wire was selected for the 
header wire on the basis of mechanical strength, high 
conductivity and flexibility. The average weight of 
the assembled anode is about one pound per foot, It 
was anticipated that the pulling tensions would be 
in the order of 1000 pounds per manhole section. The 
rated tensile strength of No. 4 stranded copper wire 
is 1200 pounds. 
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TABLE 2—Resistance Values at Two Manhole Locations 


Manhole Section No. | Date Resistance (Ohms) 


64.00* 
9.03 
4.03 
2.15 


; RKOWW 
Corargang 


' 


Ja] SIstsIsy 


* Measured immediately after installation of anode 


The individual rods were secured to the header 
wire by wrappings of 20 mil thick thermoplastic tape. 
These wrappings started about two inches from each 
end of the rod and extended for approximately two 
inches, This served a dual purpose: it eliminated any 
tension on the pigtail connection, and it facilitated 
the placing of the anode. 

The Bell System has installed some of the Phila- 
delphia Electric anodes. The installations discussed 
later utilized this type of anode. 


The Bell System Anode 


Problems arose which caused the Bell System and 
National Carbon Company to develop a different 
type of graphite rod to be used as a duct anode. (See 
Figure 2.) It was decided that the two inch diameter 
was suitable, provided that the header wire passed 
through the rod instead of being adjacent to it. The 
reason for this was the telephone ducts are 3-inch 
ducts in comparison to the 4-inch power ducts, It 
also was determined that the anode would have to 
be reduced in length to 12 inches in order to make it 
adaptable for placing in the bends experienced in 
some telephone ducts. 

The Bell System anode is a graphite rod 2 inches 
in diameter and 12 inches long. It has a hole drilled 
through the center which is slightly larger than the 
diameter of a No. 4 seven strand copper wire with 
insulation similar to Simplex Anhydrex. The rod is 
cut in half and the center of each half is threaded 
for one inch for a % inch 11 threads per inch special 
“Burndy Crimpit.” Each half of the rod is provided 
with compound filling holes %¢g inch in diameter 
located 114 inches from the center end. 

The assembly of the anode is accomplished in the 
following manner: 

1. Each half is placed on the wire with the 
centers facing. (Several may be strung at 
once if so desired.) 

. The wire is cut at the point of the center 
of the rod location. 

. The ends of the wire are cleaned, placed 
in the special crimpit and crimped. 

. The center faces of the two halves are 
painted with a special cement provided 
by the National Carbon Company. 

. The two halves are then screwed together, 
the cement forming a perfect seal. 

A compound is forced in the compound 
filling holes by means of a tool similar to 
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TABLE 3—Estimated and Actual Anode Currents 





Anode No. |Estimated) Actual Ma _s|Estimated 
Current | Current Per Life 
(Amps.) | (Amps.) Rod (Years 


Manhole | Length of 
Section (Ft.) | Rods 


735—736 | 0 : 34.0 | 29.4 
736—737 225 | 0 | ; 31.1 32.2 
738—739 é é | 2.0 | : 37.9 26.4 
739—740 35E 2. “ 18.3 
771—772 ‘ y 3. 2.9 35.4 
772—773 55 | 0. 5. 52.5 





a caulking gun. This forcing is continued 
until the compound appears at the far end 
of each half, thereby ensuring a moisture 
proof seal. 

Tensile strength tests have been made of this 
assembly and the No. 4 wire breaks before damaging 
the assembly. It is believed that this type of connec 
tion will be less susceptible to moisture deterioratio1 
than a taped splice. 


New Jersey Bell Installations 

The underground telephone cable plant in Ho 
boken, New Jersey, presented a comparable problem 
to that of the Philadelphia Electric Company, A 
detailed study of the cable sheath corrosion failures 
in the Hoboken area indicated that six manhole 
sections were the main offenders. As a result duct 
surveys were made in these six sections. 

A standard “Bell System” slug was used in making 
the measurements. The slug was constructed by 
placing a 16-inch piece of 2-inch inside diameter 
lead-antimony sleeving over a duct rod. An insulated 
wire was soldered to the inside of the sleeve, and 
the ends were “beat in.” The slug was then filled 
with No. 1 Pressure Plug Asphalt. The purpose of 
the filling was to provide a moisture seal for the 
connection and additional weight to the slug. It has 
been determined from experience that when current 
losses to this slug exceed 0.5 milliamperes, the cable 
sheath in all probability is corroding. 

Table 1 gives the history of failures, the results 
of the duct surveys, and the proposed remedial 
measures. A schematic of the protective system can 
be found in Figure 3. 

The installations listed in Table 1 were completed 
by November of 1954. One of the interesting factors 
was the decrease in resistance of the anodes after 
installation. 

Table 2 gives the values for two of the six man- 
hole locations. 

Table 3 shows a comparison between the esti- 
mated anode current and the actual current, It also 
indicates the anticipated life of the anodes based on 
one ampere year per rod and assuming uniform dis- 
tribution of current among the individual rods, 

Recent duct surveys indicate that with the exist- 
ing current values the potentials range from —0.15 
volt to —0.50 volt. It is anticipated that in the near 
future the current values can be reduced. This is 
indicated by the fact that the potential values are 
more negative than indicated by previous surveys. 
Therefore, the life of the anodes may be extended 
beyond the forecast. 
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Publication 57-5 


Bibliographies of Corrosion Products 


By NACE Technical Unit Committee T-3B on Corrosion Products* 


Introduction 
f pIBLIOGRAPHIES in 


this section 
) pared by Technical Unit Committee T-3B on 
( orrosion Products. This work is an introductory 
ference to the subject of “corrosion products” and 
not intended to be exhaustively complete. Selected 
ey references and some others of particular interest 


were pre- 


re given, omitting many which probably might well 


ave been included, Some of those omitted will be 
dded to proposed future bibliographies. 
All members of Committee T-3B contributed, E. L. 


fc. Te 


Part 1—STAINLESS STEELS* 


Corrosion Products 


Oxide Film Composition Studies. 
[. N. Ruopin. Ann. N. Y. Acad. Sci., 58, 
855-872 (1954). Structural and com- 
positional properties of oxide films on 
surfaces of stainless steels and related 
alloys are correlated with resistance to 
pitting corrosion and high temperature 
oxidation, 


Potentials of Iron, 18-8, and Titanium 
in Passivating Solutions. H. H. UH Lie 
anpD A. Geary. J. Electrochem. Soc., 101, 
215-224 (1954). Characteristics of pas- 
sivity in terms of properties of adsorbed 
and reacted surface films. 


Lattice Parameters of the FeFe2-. 
Cr.O, Spinel System. H. J. YEARIAN, 
J. M. KortricgHt AND R. H. LANGENHEIM. 
!. Chem. Physics, 22, 1196-8 (1954). Pre- 
sents lattice parameters required for the 
identification of spinels characteristics of 
those that form by “high temperature 
oxidation of stainless steels. 


Investigations of the Oxidation of 
Chromium and Nickel-Chromium Steels. 
H. J. Yeartan. (Summary of Technical 
Report to Office of Naval Research, 
June, 1954) Phys. Review, 82, 341 (1951). 
Nature of protective oxide scales and 
oxide films formed on chromium and 
nickel-chromium steels during oxidation 
it high temperatures. 


Oxidation of Metals and Alloys. D. 
KUBASCHEWSKI AND B. E. Hopkins. 
{cademic Press, Inc., New York, pp. 192- 
195, (1953). Protective properties of 
xxide scales resulting from the high 
temperature oxidation of austenitic and 
ferritic stainless steels. 


Properties of Accelerated Oxidation of 
Heat-Resistant Metals Due to Vana- 


* Prepared by N. A. Nielsen and T. N. Rhodin, 
E. I. duPont de Nemours & Co., Inc. 


Roebuck, Continental Oil Co., Ponca City, Okla., chairman. 


material. 


dium. F. C. MoNKMAN AND N., J. GRANT. 
Corrosion, 9, 460-466 (1953). Distribu- 
tion of vanadium in oxide scale formed 
on stainless steel in contact with liquid 
V.0; at high temperatures. 


Nature of Multilayer Oxide Scale on 
Stainless Steels. J. Moreau. Compt. Rend., 
236, 85 (1953). Determined distribution 
and structure (by microscopy, x-ray 
diffraction and chemical analysis) of 
mixed oxide scales on iron and chromium 
formed by oxidation at 900°C. 


Electron-Microscope Investigations on 
the Oxidation Process of Metals. G. 
PFEFFERKORN. Naturwissenschaften, 40, 
551-552 (1953) (in German). Size and 
shape characteristics of oxide formation 
on metal surfaces during oxidation at 
high temperatures. 


Radioisotopes in the Study of Metal 
Surface Reactions in Solution. M. T. 
StmNap. Institute of Metals (London), 
Monograph No. 13 (1953). Self-diffusion, 
isotopic exchange, identification of sur- 
face homogeneities, and passivating ac- 
tion of chromates characteristic of metal 
surfaces in solution are studied. 


Amount of Oxygen on Surface of 
Passive Stainless Steel. H. H. UHLIc AND 
S. S. Lorp, Jr. J. Electrochem. Soc., 100, 
216-21 (1953). The nature of the passive 
surface of 18-8 stainless steel is dis- 
cussed in terms of oxygen adsorption. 


Chemical Resistance of Stainless Steel. 
I. D. G. Berwick AND U. R. Evans. J. 
Applied Chem. (Brit.), 2, 576-90 (1952). 
Properties and surface products asso- 
ciated with passivity of 18-8 stainless 
steel electrode in dilute sulfuric acid. 


Investigation of Protective Films on 
Metals by the Method of Electrical Re- 
sistance. G. B. CLarK AND G. V. AKIMOV. 
Trudy Inst. Fiz. Khim., Akad. Nauk 
SSSR, 4, Issledovaniya Korrozii Metal 
No. 3, 3-60 (1952). Protectiveness of 


41 


Abstract 


Selected abstracts arranged chronologically with most 
recent abstracts first are included on the identifica- 
tion and composition of corrosion products on stain- 
less steels, zinc, zirconium, titanium and iron and 
steel. Included are 43 abstracts on stainless steels; 
13 on zinc; 7 on zirconium; 8 on titanium; 130 on 
iron and steel. The last category includes an alpha- 
betical author list. 


3.4.3 


Simons assisted in coordinating work of the con- 
tributors and M. C. Bloom, E. L. 


Godard, N. A. Nielsen and R, T. 


Simons, H. P. 
Foley edited the 


oxide films on stainless steel correlated 
with their electrical resistance. (C. A. 
47, 7419h (1953) ). 


Scale Growth and Corrosion Re- 
sistance of Ferritic Stainless Steels at 
High Temperatures in Air. M. CoHEN 
AND D. Capitan. J. of Metals, 4, 1057 
(1952). Structural and mechanical prop- 
erties of scales correlated with scale 
growth. 


Microanalysis of Corrosion Products. 
W. KocH. Angew. Chem., 64, 187-95 
(1952). Special techniques using electro- 
lytic isolation and microanalysis of cor- 
rosion products and metallurgical resi- 
dues. 


Metallurgical Applications of X-Ray 
Fluorescent Analysis. P. K. Kon anp B. 
CauGHERTY. J. Applied Phys., 23, 427-33 
(1952). Technique applied to the qualita- 
tive analysis of films and residues iso- 
lated from stainless steels by chemical 
stripping. 


Isolation and Examination of Films 
From Metal Surfaces—An Improved 
Technique. T. J. Nurse AND F. Worm- 
WELL. J. Applied Chem., 550-554 (1952) 
Sept. Oxide and other corrosion films 
formed by treatment of stainless and 
other steels isolated and examined using 
polyvinylformal resin. 


Electron Diffraction as a Microana- 
lytical Procedure. H. A. StaHL. Chem.- 
Ztg., 76, 136-9, 164-9 (1952). A review 
of results on structural properties of 
oxide layers formed in dry and wet air 
at temperatures 400-800°C on stainless 
steels and other metals. 


Sorption of Gases on Metal Powders 
and Subsequent Change in Metal Re- 
activity at Room Temperature. H. L. 
Wanc AND N. HACKERMAN. J. Phys. 
Chem., 56, 771-4 (1952). Gases reacting 


with, or adsorbing on, powders of stain- 
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less steel, nickel and molybdenum were 
measured and characterized. 


High Temperature Oxidation of Stain- 
less Steels. I. lirAKE, T. NAKAYAMA AND 
K. SexicucHi. J. Sct. Research Inst. 
(Tokyo), 45, 57-64 (1951) (in English). 
Electron diffraction identification of pro- 
tective mixed spinel oxides formed by 
oxidation of steel at 900°C. (C. A., 46, 
395c (1952) ). 


Sorption of Gases on Metals at Room 
Temperature. A. L. MCCLELLAN AND N. 
HACKERMAN. J, Phys. Colloid Chem., 55, 
374-382 (1951). Formation rates of oxide 
films on 18-8 stainless steel powder and 
SAE 1020 steel powder studied at 30 C. 


Electron Microscopic Examination of 
the Surface of Stainless Steel by Means 
of the Oxide Replica Method. T. Kar- 
suRAI. Trans, Chalmers Univ. Technol., 
Gothenberg, 96, 1-6 (1950) (in English). 
Qualitative description of surface films 
and surface structure. (C. A. 95, 95e 
(1950) ). 


Formation of Oxides on Some Stain- 
less Steels at High Temperatures. H. M. 
McCuttoucu, M. G. Fontana AND F., H. 
Beck. Trans. Am. Soc. Metals, 43, 404- 
425 (1951). Combination of visual ob- 
servation, chemical analysis and electron 
diffraction examination indicates that an 
initial oxide of FeO* Cr-Os3 spinel forms 
on AISI Types 304 and 430 stainless 
steels by high temperature oxidation. 


High Temperature Properties of 
Metals. C. WacNer. pp 93-132, American 
Society of Metals, Cleveland, Ohio (1950). 
Methods of high temperature oxidation 
testing and evaluation of observations on 
metals and alloys (including stainless 
steel). (Extensive general bibliography.) 


Electron Diffraction and Electron 
Microscope Studies on the Alloy Surface. 
S. YamMaGcucH!. Rept. Sci. Research Inst. 
(Japan), 26, 228-33 (1950). Studies were 
made on 18-8, 18-8 MoCu steels. A film 
of MoO, is said to form on the (111) 
planes exposed by corrosion and to pro- 
tect the surface from further attack. 


High Temperature Corrosion of 
Metals. A. DravnreKs AND H. J. Mc- 
Dona.p, Ind. Gas, 27, 6-12 (1949). Therm- 
odynamics and other descriptions of 
conditions characteristic of attack on 
stainless steels. 


Electron Diffraction Study on the Cor- 
rosion of Metals. S. YAMAGUCHI. Japan 
Sci. Rev. Ser. 1, 1, 2431 (1949) (in 
English). Oxide film on 18-8 stainless 
steel formed in wet air at 100C reported 
to be solid solution of Fe and Ni in 
Cr), 


Electron Diffraction Studies on the 
Nature of the Corrosion Resistance of 
Stainless Steel. S. Yamacucui, T. NaKa- 
YAMA AND T. Kartsurar. J. Electrochem. 
Soc., 95, 1, 21-4 (1949). Electron diffrac- 
tion studies were made of 18 Cr-4 Ni 
and 19 Cr-9 Ni stainless steels exposed 
to water vapor at elevated temperatures 
and pressures. The data indicate that 
the resulting oxide may be a solid solu- 
tion of (Ni, Fe) CrO.. 


Oxide Films Formed on Metals and 
Binary Alloys. J. W. Hickman. Am. Inst. 
Vining Met. Engrs., Inst. Metals Div., 
Metals Technol., 15, 8 T.P. 2483 (1948). 


Electron diffraction studies were made 
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on 13 Cr and 27 Cr stainless steels 
oxidized in the vacuum of a high tem- 
perature diffraction camera. 


The Resistance of Metals to Oxidation 
at Elevated Temperatures. B. LusTMAN. 
Am. Soc. for Metals, Cleveland, Ohio, 
1948 Edition, pp 223-227. Review of data 
on structure of scales formed on _nickel- 
chromium and iron-nickel-chromium alloys 
in air at high temperatures. 


A Study of Films Isolated from Pas- 
sive Stainless Steels. E. M. MAHLA AND 
N. A. Nuetsen. J. Electrochem. Soc., 93, 
1-16 (1948); 93, 339-342 (1948). Oxide 
films isolated from austenitic stainless 
steel characterized by light and electron 
microscopy, electron diffraction and 
chemical analysis. 


Protective Film Formation on Stain- 
less Steels. W. H. Co_Nner. Corrosion and 
Materials Protect., 4, 11-21 (1947). Com- 
position and properties of protective 
oxide films on 18-8 stainless steel de- 
scribed. 


Surface Studies of Metals from the 
Corrosion Standpoint. M. G. Fontana. 
Corrosion, 3, 567-579 (1947). Mechanism 
of corrosion resistance of 18-8 stainless 
steel correlated with electron diffraction 
studies and oxygen adsorption on sur- 


tace. 


Kinetics of Oxide Film Formation on 
Metals and Alloys. E. A. GULBRANSEN. 
J. Electrochem. Soc., 91, 573-593 (1947). 
Kinetics of oxidation of A. I. S. I. Type 
304 stainless steel between 450-700° C 
interpreted in terms of surface crystal- 
lography and thermo-dynamic stabilities 
of various surface oxides. 


An Electron Diffraction Study of 
Oxide Films Formed on High Tempera- 
ture Oxidation Resistant Alloys. J. W. 
HicKMAN AND E, A. GULBRANSEN. Trans. 
Electrochem. Soc., 91, 605-620 (1947). 
Oxide structures reported by existence 
diagrams as functions of time and tem- 
perature. The alloys studied included 
Types 301 and 446 stainless steels. A 
unique mechanism for the oxidation of 
these alloys was not found. 


Function of Surface Films in Cor- 
rosion Prevention. W. H. J. VERNON. 
Proc. XI Intern. Congr. Pure Appl. Chem. 
(London), 5, 961-71 (1947). Character- 
istics of phosphate and oxide films on 
stainless and other steels discussed in 
terms of adhesion and film texture. 


Resistance of Iron-Nickel-Chromium 
Alloys to Corrosion in Air at 1600-2200 
F. A. de S Brasunas, J. T. Gow AND 
O. E. Harper. Trans. Am. Soc. Test. Mat., 
46, 129-152 (1946). Oxidation rates cor- 
related with scale character and alloy 
composition. 


Oxide Films Formed on Alloys at 
Moderate Temperatures. R. T. PHELPs, 
E. A. GULBRANSEN AND J. W. HICKMAN. 
Ind. Eng. Chem., 18, 391-400 (1946); 18, 
640-652 (1946). An electron diffraction 
and electron microscope study of oxide 
films formed on stainless steel and other 
alloys. 


Surface Film on Chromium-Nickel 
(18/8) Stainless Steel, W. H. J. VeRNoN, 
F. WorMWELL AND T. J. Nurse. J. Iron 
and Steel Inst. (London) 150, 81 (1944). 


Surface films were chemically stripped 
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from polished 18-8 stainless steel anid 
analyzed. Chromium was found to be 
enriched in the film, the thickness cf 
which was a function of the degree cf 
polish. Surfaces from which films ha? 
been stripped were more active as show» 
by potential studies than the origina! 
polished surfaces. 


Oxide Film on Stainless Steels. 1 
Tokumitu. Nature, 145, 589-90 (1940) 
Sct. Papers Inst. Phys. Chem. Researc: 
(Tokyo), 38, 59-62 (1950). Electro 
diffraction methods were used to stud 
surface oxides on the entire system Fe 
Cr. The oxide which is formed beloy 
~ 600° is a—(Fe, Cr)2O3. The oxid: 
which is formed at 1000C is similar t. 
the FesO, type. (C. A. 34, 4714°, (1940 
C. A. 35, 719°, (1941). 


The Nature of Passivity in Stainless 
Steels and Other Alloys. H. H. Uniti 
AND J. Wutrr. Am. Inst. Mining Met 
Engrs., Iron and Steel Div. Metals Tech 
nol. 6. T: P. 1050 (1939): ‘T. P: 1121 
(1939). In presenting their theory o: 
passivity the authors claim that a stud) 
of the corrosion products of stainless 
steel indicates that the surfaces of the 
alloy have the same composition as the 


bulk alloy. 


The Use of Electron Diffraction in 
Studying Corrosion. I. R. LanpAvu. Metals 
and Alloys, 9, No. 3, 73-77 (1938); 9, 
No. 4, 100-103 (1938). The technique of 
electron diffraction, its advantages and 
limitations are discussed. Results of elec- 
tron diffraction studies of surface films 
on aluminum, iron and _ stainless steel 
are presented. 


Behavior of Rustless Steel Toward 
Corrosion. W. PALMAER. Korrosion u. 
Metallschutz, 10, 181-90 (1934). Corrosion 
phenomena occurring in 5 N HCl were 
studied in terms of specimen weight 
loss, hydrogen evolution, corrosion prod- 
ucts in solution and oxide film forma- 


tion. (C. A., 28, 6687°, (1934) ). 


Thin Surface Films on Metals. L. 
Tronstap. Trans, Faraday Soc., 29, 502- 
514, 1933. By use of variation in the 
angle of reflection of polarized light 
from metal surfaces Tronstad claims to 
have detected a 30 A. thick oxide film on 
18-8 stainless steel. 


Part 2—ZINC* 


Corrosion Products 


The Atmospheric Corrosion of Rolled 
Zinc, E. A. ANpDERSON. Symposium on 
Atmospheric Corrosion, ASTM, June 
1955. Normal atmospheric corrosion 
product on zinc stated to be the basic 
carbonate. Some basic zinc sulfate may 
be present in industrial environments. 


The Nature of Zinc Corrosion Prod- 
ucts. P. T. Giipert. J. Electrochem. Soc., 
99, 16-21 (1952). Seven corrosion prod- 
ucts are produced experimentally in 
CO.-free distilled water. Only two, ZnO 
and Zn (OH): could be identified. Dif- 
fraction data for other forms are given. 


Der Einfluss Stofflich—Chemischer 
Faktoren auf die Korrosion der Metalle. 
W. FEITKNECHT. Schweizer Archiv Angew 
Wiss und Tech. 18, 368379 (1952). Cor- 


rosion products produced by local cell 


* Prepared by E. A. Anderson, New Jersey Zine 
Co. of Pennsylvania. 
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action in chloride solutions include ZnO, 
Zn(OH): and ZnCh*4 Zn(OH):. 


Uber den Zusammenbruch der Oxyd- 
filme auf Metallober flachen in sauren 
Dampfen und den Mechanisms der At- 
mospharischen Korrosion. W. FEIT- 
KNECHT. Chimia (Switz), 6, 3-13 (1952). 
n the presence of low concentrations of 
{Cl vapor ZnCh*4Zn (OH):* H:O 
rms. Soluble zinc chloride forms at 
igher concentrations. 


Pitting of Zinc by Distilled Water and 
Oilute Solutions. U. Evans anp D. E. 
savies. J. Chem. Soc., Part 3, 2607-2614 
1951). White corrosion product around 
its produced in distilled water identified 
; Zn(OH)s. Interference color film 
ider white film was oriented, anhy- 
rous ZnO, Randomly oriented ZnO 
und on unexposed, as-rolled zinc. 


“White Rust” Formation on Zinc. 
_ T. GitBert AND S. E, Happen. J. Inst. 
fet., 78, 47-50 (1950-51). ““White Rust” 
roduced experimentally consisted of 
nO and 2 ZnCO;*3 Zn(OH): but 
morphous Zn(OH)2 may be present 
ndetected. HCl vapor formed zinc 
xychloride possibly by later reaction 
etween primary ZnO and ZnCl.°4 


/n(OH)e* H.0. 


Uber die Léschkeitsprodukte einiger 
Hydroxyverbindungen des Zinks. W. 
FEITKNECHT AND FE, Hapertti. Helvetia 
Chim. Acta, 33, 922-936 (1950). Potential 
corrosion products of zinc were studied 
by alkali precipitation from zinc nitrate 
and chloride solutions. Basic nitrates and 
chlorides were identified. 


Corrosion Products on Zinc Anodes 
Underground. E. A. ANDERSON. Corrosion, 
6, 129-131 (1950). Corrosion products on 
zinc anodes in soil usually are the basic 
carbonate. When high concentration of 
sulfates is present in soil basic zinc sul- 
fate forms. 


The Corrosion of Metals in Air. W. H. 
G. VERNON. Chem. & Ind., 62, 314-318 
(1943). Zine oxide produced by heating 
zinc in air contains an excess of zinc 
ions. Rate of oxidation varies logarith- 
mically with time. 


Electron Diffraction and Corrosion 
Products of Zinc. SHIGETO YAMAGUCHI. 
Sct. Papers Inst. Phys. Chem. Research 
(Tokyo), 40, 157-162 (1942), Products 
of corrosion of zine in dilute aqueous 
solutions of HCl, HBr and HI were 
identified as ZnCl, ZnBrz and ZnI re- 
spectively. (C. A. 41, 58421 (1947) ). 


X-ray Analysis of Corrosion Products 
from Galvanized Sheets. F. R. Morrat. 
Trans. Electrochem. Soc., 77, 279-286 
(1940). Corrosion products from gal- 
vanized sheet exposed variously to 
moisture included ZnO, ZnCOs, 2 ZnCO 
3 Zn(OH)s2 and possibly other basic 
salts. 


Corrosion of Zinc. E. A. ANDERSON AND 
M. L. Futter. Metals and Alloys, 10, 282- 
286 (1939). Zine corroded in CO,-free 
distilled water formed ZnO or, probably, 
Zn(OH):. X-ray and electron diffraction 
studies showed that in presence of COn:, 
ZnO formed first later converting to 4 


ZnO *CO2°4H20. 


Effect of Temperature on the Cor- 
rosion of Zinc. G. L. Cox. Ind. Eng. 
Chem., 23, 902-904 (1931). Changes in 
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physical appearance of corrosion prod- 
ucts of zine in aerated distilled water 
with temperature were followed. Prod- 
ucts were gelatinous at room tempera- 
ture and granular at elevated tempera- 
tures. 


Part 3—ZIRCONIUM* 


Corrosion Products 


Behavior of Titanium, Vanadium and 
Zirconium in Fusion Agents. R. S. 
YounG AND K. G. A. STRACHEN. Chem. 
and Ind, 154-155 (1953). 

Effect of NaHSO4, Na:CO;s, NaOH 
and Na2Os.. 


Action of Hot Ionized Gases on Zir- 
conium and Copper. A. Dravnieks. J. 
Phys. and Colloid Chem., 55, 540-549 
(1951). Chemical Abstracts, 45, 6021". 

Reaction at 986 degrees between metal 
and O:, air, HzO, N plus 0.5% O2, comm. 
He, CO., CO and GH. Effect of ioniza- 


tion of the gas is discussed. 


Effects of Heating Zirconium In Air, 
Oxygen and Nitrogen. E. T. Hayes AND 
A. H. Ropertson, J. Electrochem. Soc., 96, 
142-151 (1949). Chemical Abstracts 43, 
8910°. 

Observations on gain in weight, micro 
and macro-hardness and metallographic 
structures from 425 to 1300 degrees. 
Hard-surface coatings are discussed. 


Reactions of Zirconium, Titanium, 
Columbium and Tantalum with the 
Gases Oxygen, Nitrogen and Hydrogen 
at Elevated Temperatures. E. A. Gut- 
BRANSEN AND K. F. Anprew. J. Electro- 
chem. Soc., 96, 364-376 (1949). Chemical 
Abstracts 44, 961°. 


Study of time, temperature, and pres- 
sure variables. Surface structure studied 
by electron diffraction. Diffusion con- 
stants and energies of activation are 
calculated. 


Kinetics of the Reactions of Zircon- 
ium, Oxygen, Nitrogen and Hydrogen. 
E. A. GULBRANSEN AND K,. F. ANDREW. 
J. Metals, 1, No. 8, Trans 515-526 (1949) 
Chemical Abstracts 43, 8817”. 

Study of kinetics as a function of time, 
temperature, pressure surface prepara- 
tion, and stability of the particular film. 
No evidence of an unstable oxide. Nitride 
stable to at leastr 900 degrees. No 
hydride film is formed. 


Oxide Films Formed on Titanium, 
Zirconium and Their Alloys with Nickel, 
Copper and Cobalt. J. W. HicKMAN AND 
FE. A. GULBRANSEN. Anal Chem., 20, 158- 
165 (1948) Chemical Abstracts, 42, 2906°. 


Studies by electron diffraction. In the 
range 300-700 degrees Zr yields ZrOn, 
20 Zr-Cu alloy—CuO and Cu:O; 60 
Zr-Co alloy—Co;:0O,.; 70 Zr-Ni alloy— 
NiO. 


Reactions of Zirconium with Gases at 
Low Pressure. W. G. GULDNER AND L. A. 
Wooten. J. Electrochem. Soc., 93, 223-234 
(1948) Chemical Abstracts, 42, 5366”. 

Products of the reactions of zirconium 
with oxygen, nitrogen, carbon dioxide, 
carbon monoxide and water vapor were 
studied by means of electron and X-ray 
diffraction analysis. Zirconium reacted 
with carbon monoxide or carbon dioxide 
at 600-800 degrees yields ZrO: and ZrC. 


* Prepared by D. A. Vaughn, Battelle Memorial 
Institute. 


Part 4—TITANIUM® 


Corrosion Products 


Charging Processes on Anodic Polari- 
zation of Titanium. Cotsy D. HALt, Jr. 
AND NORMAN HACKERMAN. J. Phys. Chem., 
57, 262-8 (1953). 

The anodic treatment of Ti in neutral 
NaCl solutions produces a film of TiOs. 


(C.A. 47, 6274b). 


Participation of Nitrogen in the High- 
Temperature Oxidation of Titanium in 
Air. V. I. ARKHAROV AND G. P. LUCHKIN. 
Doklady Akad. Nauk SSSR, 83, 837-9 
(1952). 

By X-ray examination, the scale 
formed by oxidation is in all cases rutile, 
TiO:, with some TiO in the thin inner 
layer close to the metal. At 1100 to 
1200C, some TizO; appeared in a middle 
layer, (C. A., 46, 8559h). 


Scaling of Titanium at High Tem- 
peratures. P. H. Morton ann W. M. 
BALDWIN, JR., Iron Age, 169, No. 18, 
133-8 (1952). 

At 850 to 1000C, a transition from a 
primary light scale to a black scale was 
observed. The black scale nucleated at 
relatively few points and was accom- 
panied by a change to a higher scaling 
rate. Layers of TiO and TiOz were 
identified. (CA, 46, 7015b). 


The Isolation and Examination of 
Films from Metal Surfaces: An Im- 
proved Technique. T. J. Nurse Anp F. 
WorMweELL. J. Appl. Chem., (London) 2, 
550-4 (1952); cf. C. A. 33, 5786-3; 39, 
5234-2. 

Films were stripped in an anhyd. 
deaerated soln. of I in alc. The oxides 
from Ti and other metals were ex- 


amined. (C. A. 47, 1018i). 


Oxidation of Titanium. M. H. Davies 
AND C. E. BircHENALL. J. Metals, 3, 877- 
80 (1951). 

Tracer expts. indicate that O diffuses 
in at least one phase of the scale. (C. A. 


45, 10161b). 


Preparation, Structure and Applica- 
tions of Thin Films of Silicon Monoxide 
and Titanium Dioxide. Grorc Hass. J. 
Am. Ceram. Soc., 33, 353-60 (1950). 

Films of TiO (rutile) were prepared 
by evapg. Ti and oxidizing it in air at 


400-450. (C. A. 45, 1403d). 


Reactions of Zirconium, Titanium, 
Columbium and Tantalum With the 
Gases, Oxygen, Nitrogen and Hydrogen 
at Elevated Temperatures. Eart A. Gut- 
BRANSEN AND KENNETH F. ANpREW,. J. 
Electrochem. Soc., 96, 364-76 (1949). 

Surface structures were studied by 
electron diffraction. (C, A. 44, 961b). 


Gmelins Handbuch der Anorganischen 
Chemie 8th Edition, System Number 41. 
Titan. Verlag Chemie GmbH, Wein- 
heim/Bergstrasses 1951. 

(Literature survey complete to the 


end of December, 1949). 


Pages 189 to 199: Chemical Properties 
of the Metal—Reactions with air and 
upon heating; with water, HF, HCl, 
H.SO,., HNOs, various acids and alkalis. 
Reactions with non-metals—Argon, hy- 
drogen, oxygen, nitrogen, halogens, sul- 
fur, selenium and tellurium, boron, car- 


* Prepared by Robert D. Misch, Argonne Na- 
tional Laboratories. 


113¢ 








44 CORROSION——-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


bon, silicon, and phosphorus. Reactions 
with non-metallic compounds—am- 
monia, gaseous hydrogen halides, various 
non-metal compounds. Reactions with 
Metal Compounds—oxides, nitrates, hy- 
pochlorites, chlorates, persulfates and 
permanganates; sulfides and _ sulfates, 
nitrides and amides, halides, carbonates, 
acetates. Reaction with organic com- 
pounds. 

In addition, references are given to 
the following: Page 231, oxide films; 
Page 272, nitride films, 


Part 5—IRON and STEEL* 
Corrosion Products 


1. Corrosion of Steel in Boilers—At- 
tack by Dissolved Oxygen. H. A. Gras- 
owskI. Trans. Am. Soc. Mech. Engrs., 77, 
433-448 (1955). 

Microscopic and metallographic tech- 
niques were employed to examine some 
problems in boiler corrosion. 


2. Adhesion as a Function of the Inter- 
face. A. E. Austin AND B. G. Branp. Div. 
of Paint Plastics Printing Ink Chem., Pre- 
print, 15, No. 1, 1-7 (1955). 

The effect of various pre-treatments and 
of accelerated weathering on the adhe- 
sion of organic coatings to Fe, Al, and 
Mg alloys was investigated. Hydrous 
oxides of the respective metals were 
identified as the products of oxidation 
and hydrolysis at the metal-to-coating 
interface. Electron diffraction techniques 
were employed. 


3. Electron Diffraction Determination 
of the Composition of the Oxide Film 
Formed on the Surface of Iron. J. Mo- 
REAU AND J. BARDOLLE. Compt. Rend, 240, 
524-526 (1955). 

Reflection and transmission diffraction 
patterns were made of the surfaces of iron 
specimens which had been oxidized in the 
range 250 to 700 C. Above 600 C, FeO, 
FesO, and a-Fe.O; coexist in the scale. 
Between 250 and 550 C a spinel phase co- 
exists with a-Fe,O;. Certain lines present 
in the pattern of the oxide formed at 250 
C may be attributed to Y-Fe:O3; these lines 
are not present above 250 C, a temperature 
above which y-Fe:Os is unstable. 


4. Gases in Metals. N. CHRISTENSEN. 
Teknisk Ukeblad, 101, 693-703 (1954). 
The effect of oxygen, nitrogen and 
hydrogen on the properties of iron and 
steel are discussed. Methods for detect- 
ing these gases are described. The 
American and German literature are re- 


viewed. (Metals Rev., 27, 1061-Q (1954).) 
5. Nickel in Iron and Steel. A. M. Hatt. 


Chapter 9, John Wiley and Sons, Inc., 
New York, 1954. 

The effect of environment and compo- 
sition on the corrosion of nickel steels 
is discussed. Weight loss was employed 
as a measure of corrosion, The compo- 
sition of scales on various nickel steels 
is given. 


6. Fretting Corrosion of Mild Steel in 
Air and in Nitrogen. I-M1nc FENG AND 
H. H. Untic. J. Appl. Mechanics, 21, 395- 
399 (1954). 

The effect of humidity, duration of 
operation, temperature, pressure and 
frequency of fretting damage to mild 
steel was examined. The major constit- 
uent of the corrosion products formed 
in tests at —140 C, +157 C, and at room 


* Prepared by M. J. Boehm and M. C. Bloom, 


Naval Research Laboratory, 
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temperature was a-Fe:O; as determined 
by x-ray diffraction. The extent of dam- 
age resulting from fretting corrosion is 
much less in moist air than in dry air 
and at temperatures up to 150 C, than 
at lower-than-room temperatures. 


7. The Oxidation of Iron at 175 to 350 
C. D. E. Davies, U. R. Evans anp J. N. 
Acar. Proc. Roy. Soc., London, A225, 
443-462 (1954). 

Hydrogen-reduced iron sheet and iron 
powder were oxidized; the oxidation 
products were examined by gravimetric, 
electrometric and diffraction methods. 
Magnetite was present on iron speci- 
mens exposed to air at room temper- 
ature. A mixture of iron oxides forms 
on the surface of iron powder even at 
40 C. Between 175 and 225 C a@ Fe.Os is 
formed on sheet iron while at tempera- 
tures up to 350 C a magnetite layer (not 
y-Fe:O3) is overlaid with an a-Fe.O; 
layer. 


8. Electron Optical Study of Oxidation 
of High Purity Iron at Low Oxygen 
Pressures. E. A. GULBRANSEN, W. R. Mc- 
MILLAN AND K. F. Anprew. J. Metals, 6, 
1027-1035 (1954). 

The mechanism of oxide growth on 
pure iron at temperatures between 650 
and 850 C was investigated by a study 
of the crystal habit and structure of the 
oxide film, Electron diffraction, electron 
microscopy, weight gain, color and film 
thickness studies were made. A thin 
layer of oxide crystallites form on the 
metal surface at the initiation of oxida- 
tion. The original crystals grow and 
other crystals form in the vacancies at 
the surface as oxidation proceeds. 


9. Oxide Film Composition Studies. 
T. N. Ruopin. Ann. N.Y. Acad. Sci., 58 
(Part 6), 855-872 (1954). 

Films were removed from stainless 
steels and related alloys by the use of 
either “Mylar” tape or a_ bromine- 
methanol solution. Both x-ray fluorescence 
and micro-chemical analysis techniques 
were developed for this study. Surface 
films on stainless alloys are not neces- 
sarily enriched by the elements Cr, Ni 
and Mo which are usually associated 
with passivity; instead there is marked 
silica enrichment. 


10. An Investigation of Intergranular 
Oxidation in Stairyss Steel. C. A. Sie- 
BERT, M. J. StnNoTT AND R. E. KEITH. 
University of Michigan, 125 pp., Sep- 
tember, 1954. (WADC Technical Report 
54-120) (Contract No. AF 33(616)-353). 


Specimens of 310 stainless steel which 
had been oxidized in dry, moving air be- 
tween 1000 and 2000 F were examined 
microscopically to determine the sever- 
ity of intergranular oxidation. The scales 
from these specimens were analyzed by 
x-ray and magnetic methods and were 
found to contain Cr2O3, CreO;-Fe:O; 
solid solutions, FesO; and a spinel phase. 
All scales examined were protective in 
nature. 


11. Corrosion of Reactor Structural Ma- 
terials in High-Temperature Water, I. 
Descaling Methods. R. Fowter, D. L. 
DoucLas AND F. C. Zyzes. 26 pp., Sche- 
nectady, Aug. 27, 1954. (Knolls Atomic 
Power Laboratory, KAPL-1198) (Con- 
tract No. W-31-109 Eng. 52). 

A quantitative determination of the 
extent of corrosion can be made follow- 
ing the use of a descalant. Descaling 
techniques useful in the removal of high 
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temperature water scales from mild ani! 
stainless steels are described and evalu- 
ated. 


12. Investigations of the Oxidation of 
Chromium and Nicke!l-Chromium Steels, 
H. J. YEARIAN. 91 pp., Lafayette, Indi- 
ana, June, 1954. (Purdue University, 
N7Onr-39419), 


The scales on various steels which 
had been oxidized between 700 and 1100 
C were characterized by diffraction tech 
niques, microscopy and chemical analy 
ses. The composition and Structure o 
the scale depended on the conditions o 
oxidation and on the composition of th: 
alloy. Mild oxidation produced relatively 
thinner films comprised of rhombohedra 
Fe:O3; and Cr2O;3 oxides. More vigorou 
oxidation produced thick scales contain 
ing Fe-(Cr-Ni spinels. 


13. Analysis of Water-Formed Deposits. 
F. U. Neat anno A. A. Berk, Ind. Eng 
Chem., 46, 961-970 (1954). 


A detailed scheme for the quantitative 
analysis of the water-formed deposits in 
a boiler plant is presented. 


14. The Protective Action of Pigments 
on Steel, M. J. Pryor. J. Electrochem 
Soc., 101, 141-148 (1954). 

The effect on the corrosion of mild 
steel of aqueous extracts from litharge, 
metallic lead, red lead, basic lead car 
bonate, zinc and zinc oxide was investi- 
gated. Chemical and electron diffraction 
analysis indicated that y-Fe.O; comprised 
the passive film formed in litharge ex- 
tracts; neither hydrated iron compounds 
nor lead compounds were in the film. 
Only the extracts from litharge gave 
prolonged inhibitive action. 


15. Adsorption Studies on Metals. III. 
The Sorption of Water Vapor on Nickel, 
Steel and Molybdenum. A. C. Zertze- 
MOYER AND J. J. Cuessick. J. Phys. Chem., 
58, 242-245 (1954). 

Nickel and 1021 steel powders acti- 
vated at 25 C and nickel activated at 
25 C and nickel activated at 400 C phys- 
ically adsorbed argon and water vapor. 
Molybdenum activated at 25 C and at 
400 C and steel activated at 400 C ad- 
sorbed water vapor probably by a mecha- 
nism in which water molecules diffuse 
through the external porous oxide layer. 


16. The Mechanism of Inhibition of the 
Corrosion of Iron by Solutions of So- 
dium Phosphate, Borate and Carbonate. 
J. E. O. Mayne ann J. W. MEnter. J. 
Chem. Soc., 1954, 103-107. 


Electron diffraction and chemical anal- 
ysis were used to characterize oxide 
films formed on iron in 0.1 N sodium 
hydroxide solutions containing various 
inhibitors. The primary constituent of 
all the films was a cubic oxide—either 
Fe,O, or Y-Fe:O;. In disodium hydrogen 
phosphate large particles of FePOs.. 
2H:O also formed in the film. 


17. The Mechanism of Inhibition of the 
Corrosion of Iron by Sodium Hydroxide 
Solution. Part II. J. E. O. MAyNe Anp 
J. W. MEnter. J. Chem. Soc., 1954, 99- 
103. 

Anodic polarization studies and obser- 
vations made by electron diffraction in- 
dicate that Fe;sO, or y-Fe:O;: comprise 
the film formed on iron surfaces follow- 
ing exposure to 0.1 N NaOH solution. 
Air-formed films have the same compo- 
sition. Dissolved O2 accelerates passivation 


by NaOH solution. 
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18. Surface Studies With the Vacuum 
Microbalance: Instrumentation and Low- 
Temperature Applications. T. N. Rxo- 
orn. Advances in Catalysis, Vol. 5, Aca- 
meri Press Inc., New York, 1953. pp. 
39-11 

Applications and instrumentation in 
onnection with the vacuum micro-balance 
ire exhaustively treated. Particular at- 
rention is given to the use of micro- 
rravimetric methods for low-temperature 
nvestigations. 


19. Surface Studies with the Vacuum 
Microbalance: High-Temperature Reac- 
tions. E. A. GuLBRANSEN, Advances in 

‘atalysis, Vol. 5, Academic Press Inc., 
New York, 1953. pp. 119-175. 

Application of the vacuum microbalance 
to various problems is reviewed. Section 
[V is devoted to studies of oxidation of 
netals. 


20. An Investigation of Accelerated Ox- 
idation of Heat Resistant Metals Due to 
Vanadium. F. C. MonKMAN AND N, J 
GRANT. Corrosion, 9, 460-466 (1953). 

Oxidation rates for 316 stainless steel 
were determined in synthetic melts of 
uel ash constituents. Type 347 steel was 
eacted with melts of V2Os, V2Os and 
FeVOs, and of Fe:O; and FeVO;. Chem- 
ical analysis and x-ray diffraction exam- 
ination of the reaction products indicate 
that molten V2Os is responsible for the 
icceleration of high temperature oxida- 
t10Nn. 


21. Corrosion of Steel in Dilute Solu- 
tions of Sodium Salts of Weak Acids. 
M. J. Pryor. Corrosion, 9, 467-477 (1953). 
Chemical analysis, x-ray diffraction, and 
metallographic techniques were used to 
characterize the corrosion products. Polar- 
ization studies showed that corrosion 
products of high permeability and low 
electrical resistance (such as Y-FeOOH) 
permitted general attack while films of 
low permeability and high resistivity 
(such as a~-FeOOH or Fes(PO,)2-8H2O) 
inhibited attack, 


22. Solubility of the Products of Corro- 
sion of Stainless Steel in 600 F Water. 
H. A. Pray AND E. F. STEPHAN. 12 pp. 
Columbus, Ohio, Nov. 30, 1953. (Battelle 
Memorial Institute, BMI-891) (Contract 
No. W-7405-eng-92). 


The solubility of the corrosion prod- 
ucts of Type 347 stainless steel and of 
analytical grade iron were determined 
at room temperature and at 600 F. Spec- 
trophotometric methods of analysis showed 
that no more than 0.03 ppm. of Fe, Ni, 
or Cr were in solution following corro- 
sion. Magnetic iron oxide was in the 
sediment at the bottom of the test au- 
toclaves. 


23. Contact Corrosion of Stainless Steels 
in Water at Temperatures up to 600 F. 
H. A. Pray anp C. W. Berry. 24 pp., 
Columbus, Ohio, Nov. 24, 1953. (Battelle 
Memorial Institute, BMI-886) (Contract 
No. W-7405-eng-92). 

X-ray analyses show that the film 
which forms on 410 stainless in degassed 
or in hydrogen-containing water consists 
of a spinel oxide. The film formed upon 
exposure to oxygen-containing water is 
comprised of an interior layer of spinel 
over which is a layer of a-Fe2Os. 


24. A Study of the Oxidation of High 
Purity Iron and the Mechanism of the 
Decomposition of the “Wustite Phase.” 

R. CoLtoncies, R. SIFFERLEN AND G. 
CuHaupron. Rev. met., 50, 727-735 (1953). 
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The oxidation of pure iron in H:-H.O 
mixtures in the temperature range 350 
to 850 C was studied, A plot is included 
which shows the variation in the crystal 
parameter (measured by x-ray diffrac- 
tion) of the surface oxide with distance 
from the metal-oxide interface. Metallo- 
graphic examination indicated that a 
compact external layer overlays a fine- 
grained internal layer. The scale was 
thicker on ferrous alloys containing Cu, 
Co and Mn than on pure iron. 


25. Some Notes on the Oxidation Re- 
sistance of Boron-Containing Chromium- 
Nickel-Cobalt-Iron Alloys. W. O. BIn- 
DER AND E. D. WErtsERT. Corrosion, 9, 
329-332 (1953). 

At temperatures above 1650 F boron 
wmhibited the formation of protective 
Cr:O3 scales unless the iron content of 
the alloy was kept below 6 percent. 
X-ray diffraction was employed to de- 
termine the composition of scale formed 
on various alloys by high temperature 
oxidation. Weight loss measurements 
were employed to determine the extent 
of oxidation. 


26. Corrosion of Steel by Air-Free, Di- 
lute, Weak Acids. N. HAcKERMAN AND 
E. E. GLENN. J. Electrochem. Soc., 100, 
330- 344 (1953). 

A spray of dilute (500 to 100 ppm) 
acetic acid solution did not attack mild 
steel appreciably in the absence of air or 
CO:. The attack was accelerated by the 
presence of Coz at 1.5 atmospheres’ par- 
tial pressure; under these conditions the 
corrosion product was FeCOs as identi- 
fied by x-ray diffraction. 


27. Progress in Metallurgical Micros- 
copy. B. W. Mort. Endeavour, 12, 154- 
161 (1953). 

A general review of some recent advances 
in the study of surface topography is 
given. The use of phase microscopy, 
polarized light and vacuum heating 
stages is discussed. 


28. Self-Diffusion of Iron in Iron Ox- 
ides and The Wagner Theory of Oxida- 
tion. L. Himmet, R. F. MEHL ANp C. E. 
BIrRCHENALL. J. Metals, 5, 827-844 (1953). 

The rate at which iron diffuses inward 
through the magnetite layer. The trans- 
ference number of Fe(II) ions at 1000 C 
is 2'< 10". 


29. Identification of the Precipitate Ac- 
companying 885 F Embrittlement in 
Chromium Steels. R. M. FisHer, E. J. 
Dutts AND K. G. Carroii. J. Metals, 5, 
690-695 (1953). 

Electron and x-ray diffraction, mag- 
netic measurements and x-ray fluorescence 
analyses were used in characterizing the 
precipitate which formed during 885 F 
embrittlement of chromium steels. The 
precipitate contained as much as 94 per- 
cent chromium in some cases. 


30. The Solubility Product of Ferrous 
Hydroxide and the Ionization of the 
Aquo-Ferrous Ion. D. L. ee AND 
I. M. Kottuorr. J. Am. Chem. Soc., 75, 
2476-2479 (1953). 

The solubility products 


Si recon, *Fe Ont * 20H" 
and 
S 2 2 
2FeCOH), “Fe * Fou- 


were found to be 4 X 107 and 8 = 3 X 
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10-° respectively at 25 C. The pH of hy- 
droxide suspensions was measured. The 
concentration of Fe (II) ion was deter- 
mined by titration with ceric sulfate. Evi- 
dence of the existence of a _ soluble 
ammino-iron (II) complex was obtained. 


31. The Inhibition of the Corrosion of 
Iron by Some Anodic Inhibitors. M. J. 
Pryor AND M. Conen. J. Electrochem. 
Soc, 100, 203-215 (1953). 


X-ray examination was employed to 
determine the corrosion products of iron 
in various solutions of anodic inhibitors. 
Iron was passive in 0.1 N solutions of 
sodium acetate, benzoate, carbonate, hy~ 
droxide, orthophosphate and silicate in 
the presence of air. Deaerated solutions 
of sodium chromate, nitrate, tungstate 
and molybdate passivated iron. 


32. The Magnetic Susceptibilities of 
Pure and Slightly Oxidized Ferrous 
Hydroxide. J. ZERNIKEA AND B. C. SINHA. 
Rec. Trav. Chim., 72, 390-394 (1953). 


A method for preparing white Fe(OH): 
is described. The magnetic susceptibility at 
28.4 C is «= 11,200'X 10° c.g.s. units 
per mole at 28.4 C. The hydroxide sam- 
ples were analyzed by titration with 
permanganate. 


33. Structure of Iron Oxides Formed in 
Boiler Deposits of Thermoelectric 
Plants. A. N. Kutvapova. [zvest. Akad. 
Nauk. SSSR, Ser. Fiz., 17, 186-194 (1953). 
Chemical and x-ray analyses made on 
boiler scales showed that the scale was 
primarily iron oxide. Both electrochem- 
ical and oxidation corrosion mechanisms 


are described (C. A., 47, 11611g (1953). 


34. An Electron-Micrograph Study of 
Oxide Films on Electropolished Surfaces 
of Iron. E. J. CAULE AND M. ConHeEN. Can. 
J. Chem., 31, 237-241 (1953). 

An electropolishing technique for iron 
is described. Electron microscopical ex- 
amination showed that an oxide film 
existed on the electropolished surface. 


35. The Oxidation of Iron Around 200 C. 
W. H. J Vernon, E. A. Catnan, C. J. B. 
CLews AND T. J. Nurse. Proc. Roy. Soc., 
A216, 375-397 (1953). 


The mechanism of the oxidation of 
mild sheet steel in the vicinity of 200 C 
was investigated by gravimetric, micro- 
chemical and electron diffraction _tech- 
niques. Below 200 C oxygen ion diffusion 
is responsible for oxide growth while 
above 200 C metal ion diffusion predom- 
inates. Evidence is given to show that 
y-Fe.O; initially present in the film 
transforms after a time to Fe:O,; the 
transformation is much more rapid at 
temperatures above 225 C 


36. ‘Stalactite’? Formation in a Boiler. 
C. H. Greener. J. Appl. Chem., 3, 84-85 
(1953). 

The growth of hollow projections of 
corrosion product on the sides and tops 
of steam-boiler tubes was examined. 
X-ray diffraction data showed that adja- 
cent to the metal was a spinel iron oxide 
on which had grown a-Fe:0;3. A white 
deposit of apatite from the boiler water 
covered the oxide scale. 


37. The Oxidation of Ferrous Hydrox- 
ide. J. E. O. Mayne. J. Chem. Soc., 1953, 
129-132. 

In the pH range 4 to 5 and at room 
temperature Y-FeOOH is the oxidation 


115t 








46 CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


product. At pH > 5 a-FeOOH forms as 
a result of rapid oxidation while an in- 
termediate between FesO, and y-Fe2Os 
forms as a product of slow oxidation. 


38. Observation on Scaling of Iron. W. J. 
Wrazej. J. Metals, 5, 265-266 (1953). 

Micrographs showing the scale formed 
by oxidation of Armco iron at 700 C are 
presented, The ratios Fe:Os to FesO, and 
(Fe.O. + FesOs.) to FeO in the scale 
are greater than other investigators have 
found, [The composition of the scale was 
not determined through chemical analy- 
sis or diffraction methods.] 


39. Oxidation Mechanisms of Binary 
Iron-Chromium Alloys at Elevated 
Temperatures. J. Moreau. Compt. Rend., 
236, 85-87 (1953). Through x-ray and 
metallographic examination the scales 
formed by the oxidation of chromium 
steels at 800 to 1250 C were analyzed. 
The layer adjacent to the metal was 
comprised of Cr embedded in FeO; the 
layer above this was a mixed _ spinel 
oxide containing Fe and Cr while the 
exterior layer consisted of a-FeOs. 


40. Accelerated Oxidation of Metals at 
High Temperatures. A. DES. BRASUNAS 
AND N. J. Grant. Trans. Am. Soc. Metals, 
44, 1117-1146 (1952). 

The rate and nature of the oxidation 
of 16 Cr—25 Ni—6Mo (or V) steels were 
studied in the vicinity of 2000 F. Mo 
and V which have low melting, volatile 
oxides lowered the oxidation resistance 
of such steels except when as much as 
30 percent Ni was present. Chemical 
analysis of the scale showed that the 
concentration of Mo and V oxides was 
greatest at the metal-oxide interface. 
X-ray diffraction studies indicate that 
all of the oxide layers had a_ spinel 
structure. 


41. The Nature of the Films Formed by 
Passivation of Iron with Solutions of 
Sodium Phosphate. M. J. Pryor, M. 
CoHEN AND F. Brown. J. Electrochem. 
Soc., 99, 542-545 (1952). 

The phosphate content of the films on 
iron passivated on 0.1 M phosphate solu- 
tions was determined through the use 
of a radioactive tracer method. The 
thickness of the surface film was meas- 
ured by an electro-chemical technique. 
The phosphate content of the film de- 
creased with rise in the pH of the passi- 
vating solution, 


42. High Temperature Oxidation of 
Some Iron-Chromium Alloys. D. Cap- 
LAN AND M. CouHEN. J. Metals, 4, 1057- 
1065 (1952). 

The course of the oxidation of 12, 16 
and 27 percent Cr steels was examined 
in dry and moist air at temperatures be- 
tween 1600 and 2000 F. Weight-gain 
versus time studies, x-ray, spectro- 
graphic and metallographic techniques 
were employed to characterize the cor- 
rosion products. A very protective, thin, 
oxide film formed at low temperatures 
on 12 and 16 percent Cr steel. The scale 
on 27 percent Cr steel is mainly a Cr 
oxide (perhaps Y-Cr2O;) containing some 
silica. 


43. The Isolation and Examination of 
Films from Metal Surfaces: An Im- 
proved Technique. T. J. Nurse ANnp F. 
WormweLi, J. Appl. Chem., 2, 550-554 
(1952). 

The alcoholic-iodine technique for strip- 
ping oxide films from mild steel was 
improved. Larger pieces of film were ob- 
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tained for examination by coating the 
surface with Formvar prior to removing 
the oxide film. 


44. Research on the Mechanism of Oxi- 
dation of Single Crystals of Iron. J. 
BARDOLLE AND J. BENARD. Rev. Met., 49, 
613-621 (1952). 

The dependence of the rate of oxida- 
tion of iron on temperature, oxygen 
pressure and crystal orientation was ex- 
amined with the use of microscopic and 
x-ray diffraction techniques, The (100) 
plane of FeO grows in the (110) plane 
of the metal. 


45. Role of Crystal Orientation in the 
Oxidation of Iron. E. A. GULBRANSEN 
AND R. Ruka. J. Electrochem. Soc., 99, 
360-368 (1952). 

A high temperature electron diffrac- 
tion reflection camera was used to de- 
termine the orientation of oxide films and 
scales on iron single crystals. Under 
slow oxidizing conditions oriented films 
formed on the metal crystals; the (010) 
direction in FeO (or FesO.s at tempera- 
tures below 570 C) grew in the (110) 
direction of a-Fe in every case. Ran- 
domly oriented films formed under rapid 
oxidizing conditions. 


46. Action of Sodium Silicate as a Cor- 
rosion Inhibitor in Water Piping. L. 
LEHRMAN AND H. L. SCHULDENER. [nd. 
Eng. Chem., 44, 1765-1769 (1952). 

The interaction of dilute silicate solu- 
tions with corrosion products of iron, 
zinc and brass was investigated. The 
oxide films produced on brass and iron 
pipes during passage of silicate solutions 
were analyzed by chemical analysis and 
x-ray diffraction. Corrosion is inhibited 
by the presence of silicate in water 
through the formation of a silica-metal 
hydroxide layer on top of the oxide film 
which is adjacent to the metal. Such a 
layer enmeshes Fe, Cr and Mg com- 
pounds from the water. 


47. An Electron Diffraction Study of 
Films Formed by Sodium Nitrite Solu- 
tion on Iron. M. CoHEN. J. Phys. Chem., 
56, 451-453 (1952). 

When iron is exposed to nitrite, chro- 
mate and aerated sodium hydroxide so- 
lutions a film comprised of a spinel oxide 
and Y-FeOOH is formed on the metal 
surface. 


48. A New Anodic Method for the 
Transfer of Oxide Films from Heat- 
Tinted Iron to Glass or Plastic. U. R 
EVANS AND R. TomMLinson. J. Appl. Chem., 
2, 105-109 (1952). 

The anodic method for film transfer is 
more rapid and less sensitive to the 
presence of oxygen than is the alcoholic- 
iodine technique. 


49. Electron Diffraction as a Microana- 
lytical Procedure. H. A. STAHL. Chem. 
Ztg., 76, 136-139, 164-169 (1952). 

A review is given of the results ob- 
tained by electron diffraction examina- 
tion of surfaces of alloys which have 
undergone various forms of corrosion. 


[C.A., 46, 65411 (1952).] 


50. The Formation of y-Fe:O,; at Low 
Temperature in a Strongly Hygroscopic 
Medium. H. E. V. STeEINWEHR AND R., 
Weser. Naturwissenschaften, 39, 140 
(1952). 

The reaction between iron and an 
aqueous-saturated ammonia solution was 
studied between 0 and 50 C. X-ray dif- 
fraction indicated that a spinel oxide 
(probably y-Fe20;) formed on the iron 
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surface under these conditions, whereas 
y-FeOOH was formed in a similar re 
action between iron and water. 


51. Interaction between Iron and Ozone. 
R. K. BursHTEIN AND N. A. SHUMILOvA 
Doklady Akad. Nauk. SSSR, 83, 251-252 
(1952). 

Oxidation of iron in oxygen and it 
oxygen-ozone mixtures at temperatures 
between 190 and 430 K produced slightly 
thicker oxide layers in the latter case 
Film thickness was determined by the 
amount of hydrogen necessary to com 
plete reduction of the film. [C.A., 46 


8478e (1952).] 


52. The Nature of the Film Present or 
Iron after Brightening in Marshall’s So- 
lution. A. Hickiinc, W. A. MARSHALI 
AND E. R. Buckte. J. Electrodepositor’. 
Tech. Soc., 28, 47-68 (1952). 

An electrometric method was employed 
for the measurement of film thickness. 
Some introductory diffraction measure- 
ments indicated that the film was a mix- 
ture of rhombohedral and cubic iron 
oxides. After removal by cathodic polar- 
ization of the film formed in Marshall’s 
solution, an identical film could be formed 
by air oxidation. 


53. The Mechanism of Scale Formation 
on Iron at High Temperature. B. W. 
DuNNINGTON, F. H. BEcK AND M. G. 
FoNnTANA. Corrosion, 8, 2-13 (1952). 

The type of oxide which forms on iron 
depends upon the diffusion of lattice 
vacancies in the metal. Photomicro- 
graphs were used to determine the thick- 
ness and changes in the nature of the 
scale formed at various temperatures. 
Photomicrographic examination gave the 
same rate law for the formation of the 
surface oxide on iron at 1090 C as did a 
continuous weighing technique. A micro- 
hardness test aided in the identification 
of particular oxides in the scale. 


54. Corrosion of Iron by Solutions of 
Iodine in Benzene. L. G. GINDIN AND 
M. V. Paviova. Zhir. Priklad. Khim., 24, 
1151-1155 (1951). 

The corrosion product of iron in 
benzene-iodine solution was found to be 
FeO; containing 3-7 percent Fels. Chem- 
ical analysis and x-ray techniques were 
employed. 


55. The Oxidation of Pure Iron. J. K. 
STANLEY, J. VAN HoeENE AND R. T. Hun- 
toon. Trans. Am. Soc. Metals, 43, 426- 
445 (1951), 

A Geiger counter x-ray spectrometer 
and a special metallographic technique 
were used to identify the components of 
scale formed by the oxidation of pure 
iron at 500 to 900C. At 500C the scale 
was essentially Fe;O4 but at higher tem- 
peratures a—Fe.0; and FeO were also 
present in the scale. Weight-gain versus 
time-of-oxidation data show that the 
oxidation follows a parabolic rate law. 


56. Contact Potential Variations on 
Freshly Condensed Metal Films at Low 
Pressures. L. ANTES AND N. HACKERMAN. 
J. Appl. Phys., 22, 1395-1398 (1951). 

Contact potential measurements for 
Al, Cu, Au, Ni, Cr and Fe are given. 
It is demonstrated how this technique 
may be useful in studying oxidation 
mechanisms for metals. 


57. The Etched and Corroded Surfaces 
of Iron Single Crystals as Revealed by 
Means of Electron Microscopy and Dif- 
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fraction. S. YAMAGUCHI. Bull. Chem. Soc. 
lapan, 24, 237-239 (1951). 

The (102) planes of FesO, crystals in 
‘he oxide film were found to be oriented 
parallel to the (111) plane of the iron 
substrate. Chromium enhances the cor- 
osion resistance of steel by giving rise 
o inert (110) planes at the metal sur- 
ace. 


58. A Study on Corrosion Products of 
[ron by Means of Electron Diffraction. 
R. ABE. J. Phys. Soc. Japan, 6, 345-350 
1951). 

In oxygen-free 0.1 percent NaCl solu- 
tions the corrosion product of iron was 
Fe(OH).2; in air-saturated solutions the 
‘orrosion product was Y-FeOOH. All 
ittempts to oxidize Fe(OH): to a- 
FeOOH were unsuccessful, 


59. On the Mechanism and Kinetics of 
the Scaling of Iron. M. H. Davies, M. T. 
SIMNAD AND C, E, BircHENALL. J. Metals, 
3, 889-896 (1951). 

The rates of oxidation of FeO to 
FesO, and of FeO, to Fe:O;s were 
studied by means of a thermobalance 
ind were found to be diffusion-con- 
rolled processes. The transport mecha- 
nism responsible for oxide growth on 
iron was investigated through the use of 
radioactive silver markers. Above 570C 
the rate controlling layer changes from 


Fes;O4 to FeO. 


60. Solid State Reactions in the Films 
of Oxide Formed on Iron. E. A. Gut- 
BRANSEN. Rev. met., 48, 336-352 (1951). 

High-temperature electron diffraction 
techniques were employed to study solid 
phase reactions on iron strips during 
oxidation between 400 and 700C. The 
oxidation proceeds by diffusion of iron 
ions through the oxide lattice. Both the 
forward and reverse transformations 
Fe,O,+ Fe =4FeO occur at 400C in 
thin films on iron. 


61. Kinetics and Mechanism of Solid 
Phase Reactions in Oxide Films on Pure 
Iron. E. A. GULBRANSEN AND R, RUKA. 
Ind. Eng. Chem., 43, 697-703 (1951). 

The mechanism of the oxidation of 
iron above 570C was investigated through 
a kinetics study employing electron dif- 
fraction techniques. Solid phase reactions 
between higher oxides and iron result 
in the formation of FeO; these reactions 
proceed in the presence or absence of 
air 


62. The Mechanism of the Inhibition of 
the Corrosion of Iron by Solutions of 
Sodium Orthophosphate. M. J. Pryor 
AND M. ConHeEN. J. Electrochem. Soc., 98, 
263-272 (1951). 

Iron is passivated at room tempera- 
ture by 0.1 N orthophosphate solutions 
at pH greater than 7.25 in air. The in- 
hibition mechanism is believed to in- 
volve adsorption of dissolved oxygen on 
the Fe surface and subsequent formation 
of a protective film of Y-Fe:O;. X-ray 
examination and chemical analysis in- 
dicate that Fes(PO,.)2 8H:O and FePO, 
*nH:.O are corrosion products under 
non-passive conditions. 


63. Mechanism of Oxidation of Pure 
Iron at High Temperature. J. ParpAsst. 
Bol. soc. chilena quim., 3, 55-66 (1951). 
A microscopic method was employed 
to show that the parabolic growth rates 
for FeO, Fe:Os and Fe:Os in iron scale 
at 850C are equivalent. The oxidation of 
FeO to FesO; and Fes:O, to Fe:Os in the 
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absence of an iron substrate are being 
examined. [C.A., 46, 11068f (1952)]. 


64. Studies on High Temperature Oxi- 
dation of Stainless Steels. I. Irrakr, T. 
NAKAYAMA AND K. Sexicucur. J. Sci. 
Research Inst. (Tokyo), 45, 57-64 (1951). 

Electron diffraction studies of the 
oxide layers produced on Fe-Cr-Ni and 
Fe-Cr alloys at 900C indicate that the 
presence of Ni reduces corrosion; Ni- 
NiO layers in the oxide film retard dif- 
fusion of metal atoms from the sub- 
strate. Molybdenum reduces the resis- 
tance of steel to oxidation; low boiling 
MoO; crystals in the film decrease the 
adherance of the film at high tempera- 
tures. 


65. High-Temperature Oxidation of 
Pure Iron. J. Parpasst. Ing. Quim. Univ. 
Concepcion, Chile, 10, No. 10, 5-17 (1951). 
Metallographic studies indicated that 
the external layers of scale (FesO. and 
Fe-O;) on iron follow a parabolic 
growth rate. [C.A., 46, 94861 (1952)}. 


66. An X-Ray Study of the Scale 
Formed on Iron Between 400 and 700C. 
O. A. TescHe. Trans. Am. Soc. Metals, 
42, 641-652 (1950). 

X-ray diffraction and scale thickness 
measurements were used to examine the 
composition and nature of the scale on 
iron. The scale which formed up to 
600C was predominantly Fes;O.. Between 
oxidation temperatures 700 to 1000C the 
scale which formed contained FeO, 


FesOs, and Fe:Os. 


67. Kinetics of Solid Phase Reactions 
in Oxide Films on Iron—The Reversible 
Transformation At or Near 570°. E. A. 
GULBRANSEN AND R. Ruka. J. Metals, 
1500-1508 (1950); Trans. Am. Inst. 
Metals, 188. 

Electron diffraction studies show that 


both transformations FeO, + Fe 
4FeO occur at temperatures as low as 
400C in very thin films on pure iron. 
The forward transformation is con- 


trolled by diffusion of iron, while the 
reverse transformation is dependent 
upon nucleation and growth processes. 


68. The Mechanism of Inhibition of the 
Corrosion of Iron by Sodium Hydroxide 
Solution. J. E. O. Mayne, J. W. MENTER 
AND M. J. Pryor. J. Chem. Soc., 1950, 
3229-3236. 

Polarization studies, chemical analysis 
and electron diffraction studies were em- 
ployed to show that dissolved oxygen 
reacts with iron in sodium hydroxide 
solution to form a film of protective 
y-Fe:O; on the metal surface. 


69. Formation of Oxides on Some Stain- 
less Steels at High Temperatures. H. M. 
McCuttouGH, M. G. FonTANA AND F. H. 
Beck. Am, soc. Metals, Preprint No. 4, 
17 pp. (1950). 

The course of oxide growth on Types 
304, 430 and 410 stainless steels was 
examined by use of a continuous weigh- 
ing process. Chemical analysis and elec- 
tron diffraction techniques showed that 
the oxide consisted of FeCr.O, and 
a-Fe,O;. Oxidation rates from 1500 to 
1800F were obtained. 


70. Optical Studies of the Oxidation of 
Iron at Temperatures in the Range 20- 
265C. A. B. Wrintersortom. J. Iron and 
Steel Inst., 165, 9-22 (1950). 

A polarimetric method was employed 
to follow the oxide growth on iron and 
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on some Fe-Cr-Ni iron alloys. Through 
the use of this technique it was shown 
that the films up to thickness of about 
250 consist of FesOs. or Y-Fe2Os. 
Thicker films have an exterior layer of 


a- Fe.Os. 


71. The Reductive Dissolution of Ferric 
Oxide in Acid. Part I. The Reductive 
Dissolution of Oxide Films Present on 
Iron. M. J. Pryor AND U. R. Evans. J. 
Chem. Soc., 1950, 1259-1266. 


The oxide film obtained by heating 
iron at 210C for 30 hours was identified 
by electron diffraction as a-Fe:O;. The 
destruction of the iron oxide film by acid 
was attributed to reductive dissolution 
as Fe(II) ions. The rate of destruction 
increased with solution temperature and 
decreased with pH. 


72. Experimental Investigations on the 
Reaction Between Steam and Iron. K. 
WICKERT AND H. Pitz. Werkstoffe u Kor- 
roston, 1, 56-64 (1950). 

Low carbon steel boiler plate begins 
to react with steam at 410C; stainless 
steel begins to react at 780C. Iron re- 
acts with wet oxygenated steam to form 
Fe(OH)s; and with dry oxygenated steam 
to form a protective coating of oxides. 


73. Corrosion of Wet Steel by Hydrogen 
Sulfide-Air Mixtures. D. C. Bonp AND 
G. A. MarsH. Corrosion, 6, 22-28 (1950). 

The corrosion rate of wet mild steel 
in H.S-air mixtures from 70 to 120F 
was determined. The ratio of iron pres- 
ent as sulfide in the corrosion product 
to that present as hydrated oxide was 
measured as a function of H:S con- 
centration. Hydrated iron oxide con- 
verted to iron sulfide in the presence of 
H.S more rapidly than the sulfide con- 
verted to the oxide in the presence of 
oxygen. 


74. The Dark Green Hydroxyl Com- 
pound of Iron. V. N. FeITKNECHT AND G. 
KELLER. Z. anorg. Chem., 262, 61-68 
(1950). 

X-ray and chemical analysis lead to 
the formulation 4Fe(OH).2-FeOCI-H:O 


for the green rust which appears on 
iron which has been exposed to salt 
water. 


75. Adsorption Balance for Investiga- 
tion of Metal Corrosion at High Tem- 
peratures. I. A. MAKOLKIN. Zavodskaya 
Lab., 15, 1209-1212 (1949). 

A balance for continuous measure- 
ment of weight changes taking place 
during high temperature corrosion is de- 


scribed. [C.A., 44, 996h (1950).] 


76. Mechanism of Iron-Rust Formation. 
R. Ape, E. YosH1oKA AND R. UEDA. Sci- 
ence (Japan), 19, 472 (1949). 


An electron diffraction study of the 
rust on iron indicated that green rust, 
which has the formula 2FeO- Fe.O;-H:O, 
decomposes into FeO and FesO. when 
heated in vacuo. [C.A., 45, 5496d (1951).] 


77. Electron Diffraction Studies on the 
Nature of the Corrosion Resistance of 
Stainless Steel. On the Ferrous Nickel 
Chromate Formed on the Surface of 
Stainless Steel. S. YaMAcucHI, T. NAKA- 
YAMA AND T. Katsurar. Trans Eleciro- 
chem. Soc., 95, 21-24 (1949). (Discussion, 
pp. 347-349). 

The structure of the oxides formed on 
19-9 and 18-4 chromium-nickel steels 
during treatment with water vapor in an 
autoclave at 180 to 190 C was examined. 
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Electron diffraction studies indicate the 
corrosion film on both types of steel to 
be a solid solution of NiCrO, and FeCrO.. 
The authors point out that such a film 
provides corrosion resistance through 1) 
chemical stability and 2) ability to bind 
tightly with the substrate. 


78. The Mechanism of Direct Dissolu- 
tion of Ferric Oxide. M. J. Pryor AND 
U. R. Evans. J. Chem. Soc., 1949, 3330. 
When iron oxides prepared by preci- 
pitation from ferric ammonium sulfate 
solution with aqueous ammonia were 
ignited at temperatures below 300 C an 
amorphous product was obtained. Igni- 
tion of the precipitate at temperatures 
above 385 C produced @-Fe.O; crystals 
as determined by x-ray examination. 
Dissolution of @-Fe:O3 was rapid in fluo- 
ride and concentrated chloride solutions, 
but was much slower in the dilute chlo- 
ride, sulfate and perchlorate solutions. 


79. Information on the Corrosion of 
Heat-Resistant Steels by Oils Contain- 
ing Vanadium. V. P. ScHLAPFER, P. AMG- 
WERD AND H. Prets. Schweiz. Arch. angew. 
Wiss. u. Tech., 1$, 291-299 (1949), 

Vanadium-containing oils destroy the 
protective oxide film on high alloy 
steels. X-ray diffraction data show that 
FeVO, and CrVO, are present in the 
scale formed on steel at 900 C in the 
presence of these oils. Attack is more 
rapid in the presence of air or alkali. 
Molybdenum-containing steels are par- 
ticularly susceptible to this form of cor- 
rosion. 


80. The Crystallochemical Mechanism of 
Formation of Oxide Films on Iron at 
Room Temperature, P. D. DANKOv AND 
N. A. SHisHakov. Zhur. Fiz. Khim., 23, 
1031-1035 (1949). 

Iron films were prepared by conden- 
sation of the metal vapor at pressures 
in the neighborhood of 10% mm. of Hg. 
The electron diffraction pattern of such 
films contains lines of FeO, FesO. and 
y-Fe.O;3. The conclusion reached from 
this study is that during transformation 
of the wtistite layer to a spinel layer Fe 
ions diffuse from the metal into the tet- 
rahedral sites of the spinel lattice. The 
octahedral sites are occupied by Fe ions 
which have not changed their original 
position from that in the wiistite lattice. 


C.A., 44, 894a (1950). 


81. Identification of Corrosion Products 
Using Measurements of Film Thickness 
and Mass. C. Emerts. Ind. Eng. Chem., 
41, 1716-1717 (1949) 

An equation is given for calculating 
the density of corrosion products on 
steel from the thickness and weight of 
the oxide film. Densities of corrosion 
products identified by x-ray diffraction 
correlated well with the calculated values. 


82. Kinetics of the Corrosion Process in 
Condensate Gas Wells. N. HACKERMAN 
AND H. R. Scumuoprt. Ind. Eng. Chem., 41, 

712-1716 (1949), 

The corrosive agents in natural gas- 
condensate wells are fatty acids and 
moist carbon dioxide. Rate curves for 
corrosion of 1020 steel in this environ- 
ment are given. Diffraction techniques 
showed that the corrosion products 
were ferrous carbonate and a spinel ox- 
ide. In some wells very little corrosion 
was observed; this was attributed to the 
presence of a natural inhibitor which 
was probably organic in nature. 
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83. Kinetic and Structural Factors In- 
volved in Oxidation of Metals. E. A. 
GULBRANSEN. Ind. Eng. Chem., 41, 1385- 
1391 (1949). 

Oxidation mechanisms for Fe, Al, Mo, 
W and Mg were investigated through 
the use of electron diffraction and mi- 
croscopy techniques. 


84, The Mechanism of Inhibition of Cor- 
rosion of Iron by Chromic Acid and 
Potassium Chromate. J. E. O. MAYNE 
AND M. J. Pryor. J. Chem. Soc., 1949, 
1831-1835. 

Chemical analysis and electron diffrac- 
tion techniques indicate that the oxide 
film formed on iron during exposure to 
chromate solutions is largely Y-Fe:Os. 


85. New Methods for the Routine Gravi- 
metric Analysis of Boiler Scales and 
Deposits Containing Phosphate. J. C. 
Epwarps AND G. P. Atcock. J. Soc. Chem. 
Ind., 68, 168-171 (1949). 

A method employing the use of 8-hy- 
droxyquinoline as a percipitant for iron, 
aluminum and magnesium to avoid in- 
terference with phosphate is desired. 


86. The Practical Problems of Corro- 
sion. Part XII. The Influence of Corro- 
sion on the Thermal Deposition of 
Calcium Carbonate. J. N. WANKLYN AND 

J. R. Evans, J. Soc. Chem. Ind., 68, 171 
(1949). 

A mixture of calcite and aragonite are 
products of the cathodic treatment of 
steel in cold calcium carbonate solution. 
X-ray diffraction techniques were em- 
ployed. 


87. Sodium Nitrite as an Inhibitor 
Against the Attack of Sea Water on 
Steel. Part I. The influence of Sodium 
Nitrite on the Area and Intensity of At- 
tack. D. WYLLIE AND G. C. N. CHEESMAN. 
J. Soc. Chem. Ind., 68, 165 (1949). 

The action of sea water on steel re- 
sults in precipitation of a red hydrous 
oxide. Nitrite inhibitor produces a brown- 
colored film on the steel. Corrosion cur- 
rents were measured. 


88. An Investigation of the Decomposi- 
tion Process of Iron (II) Oxide. G. 
CHAUDRON AND J, BeENARD. Bull. soc. chim. 
France, Ser. 5, 16, D. 117-119 (1949), 

Thermomagnetic and micrographic 
techniques were used to examine the 
decomposition on wistite into magnetite 
and iron at temperatures between 600 
and 1000 C. The rate of decoposition 
was dependent on the temperature of 
preparation, on the composition (whether 
iron or oxygen-rich) of the wiistite 
“ane and on the presence of nuclei of 
Fe or FesO,. 


89. An Investigation of the Variable 
Composition of Iron (II) Oxide. J. 
BENARD. Bull, soc. chim. France, Ser. 5, 
16, D. 109-116 (1949). 

Chemical analyses, magnetic studies 
and x-ray methods were emploved to 
determine the nature of the oxide formed 
by oxidation of iron at temperatures be- 
tween 570 and 1100 C, An oxide phase 
with stoichiometric composition FeO 
exists in solid solution with Fe at tem- 
peratures above 750 C. 


90. The Oxidation of Metals and Re- 
actions in the Solid State. J. BENnarp. 
Bull. soc. chim. France, Ser. 5, 16, D. 89- 
95 (1949), 

The structure of the scale formed by 
oxidation of iron in the A; transforma- 
tion region was examined microscopi- 
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cally. The dependence of the oxidation 
on the orientation of the metal crystals 
was investigated. A mechanism by which 
metal atoms diffuse into the oxide scale 
was developed. 


91. Melting Points of Iron Oxides on 
Silica; Phase Equilibria in the System 
Fe-Si-O as a function of Gas Composi- 
tion and Temperature. L. S. DarkeEn. 
J. Am. Chem. Soc., 70, 2046-2053 (1948). 


The phase diagram for the Fe-Si-O 
system above 700 C was constructed. 
Data from this study were employed in 
interpreting the migration of silica to 
the metal surface during oxidation of 
steel. The fact that the activity of silica 
was found to be a minimum at the scale- 
metal interface accounts for the tendency 
for silica to migrate to and remain in 
this region. 


92. The Breakdown of Oxide Films in 
Acid Vapours. V. W. FEITKNECHT. Pitts- 
burgh International Conference on Sur- 
face Reactions, pp. 212-221 (1948). 

The corrosion products formed by ex- 
posure of Zn, Cd, Ni, Fe and Cu to HCl 
at various partial pressures were charac- 
terized through the use of microscopic ex- 
amination and diffraction techniques. An 
electrochemical mechanism was preposed 
to account for the breakdown of oxide 
films and atmospheric corrosion by acid 
vapors. 


93. Mechanism of the Rapid Oxidation 
of High-Temperature, High-Strength 
Alloys Containing Molybdenum, W. C. 
LesLtiE AND M. G. Fontana. Pittsburgh 
International Conference on Surface Re- 
actions, pp. 173-186 (1948). 

The structure and composition of the 
oxide formed on 16% Cr 25% Ni 6% 
Mo steel were determined. Chemical 
analysis, x-ray and electron diffraction 
and metallographic examination were 
employed in this work. The failure of 
this steel under high-temperature oxidiz- 
ing conditions was attributed to thermal 
decomposition of MoQOs. 


94. Investigations of Gas-Metal Reac- 
tions by Reflection Electron Diffraction. 
J. W. Hickman. Pittsburgh International 
Conference on Surface Reactions, pp. 


142-156 (1948). 


Electron diffraction patterns of the’ 


metal surfaces made during the high 
temperature oxidation of Fe, Co, Mo, 
W, Cu, Cr and Ni are given. The size 
and orientation of the oxide crystallites 
was examined. 


95. Some Recent Contributions of a 
British Corrosion Research Group. W. 
H. J. Vernon. Pittsburgh International 
Conference on Surface Reactions, pp. 
135-141 (1948). 

Several techniques for studying aque- 
ous and atmospheric corrosion are dis- 
cussed. A film stripping apparatus, an 
electron micrograph study, an electron 
diffraction investigation and the results 
of a chemical analysis of the film from 
stainless steel are described. The air- 
formed oxide film on 18/8 stainless steel 
appears to be enriched with chromium 
but the extent of enrichment is influ- 
enced by the degree and nature of pol- 
ishing, The air-formed film on mild steel 
contains about equal amounts of @-Fe2Os 
and spinel oxide. 


96. Application of the Electron Micro- 
scope in Corrosion Studies. E. M. 
MAHLA AND N. A. NIELSEN. Pittsburgh 
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International Conference on Surface Re- 
ictions, pp. 60-66 (1948). 

In conjunction with other techniques 
electron microscopy is useful for study- 
ng corrosion phenomena. Intergranular 
orrosion and the effect of grain orienta- 
ion on corrosion of stainless steels was 
nvestigated. 


17. Electropotentials in Growing Halide 
and Oxide Layers on Metals. A. Dravni- 
KS AND H. J. McDona.p. Trans. Electro- 
hem. Soc., 93, 177-190 (1948) 

An electrode probe technique was em- 
loyed to measure the ionic transference 
iumbers in growing oxide scales on Fe, 
Ni, stainless steel, Cu, Zn, brass, Al, W 
ind Mo. 


98. A Study of Films Isolated From 
Passive Stainless Steels. E. M. MAHLA 
nD N. A. Nievsen. Trans. Electrochem. 
yoc., 93, 1-16 (1948). 

Thin, transparent films were formed 
ipon exposure of chromium, stainless 
teels and nickel-chromium alloys to air, 
[NOs, and HNO;-K:Cr:O; solutions. A 
xromine-methanol solution was used in 
tripping the films. Spectrographic and 
juantitative chemical analyses of the 
lms were made. Microscopic and dif- 
raction techniques aided in characteriz- 
ng the corrosion products. 


99. Solution and Passivation of Iron in 
Alkaline Solutions. B. KuBANov anp D. 
Letkis. Doklady Akad. Nauk., USSR, 58, 
1685-1688 (1947); Chem. Zentr., 1949, 28. 

The influence of various factors on the 
overvoltage and the yield of the process 
Fe—Fe (OH). taking place on a pure 
iron electrode was examined. Anodic 
dissolution and passivation of iron in 
alkaline solution involve transition of 
iron into HFeO and subsequent pre- 
cipitation of Fe(OH): [C.A., 46, 6515 
(1952).] 


100. Effect of Carbide Structure on the 
Corrosion Resistance of Steel. R. W. 
MANUEL, Corrosion, 3, 415-431 (1947). 

The corrosion resistance of low alloy 
steels was examined with attention being 
given to the effect of carbide structure 
which is dependent on heat treatment 
and alloying elements. Metallographic 
and x-ray diffraction techniques were 
useful in this study. 


101. An Electron Diffraction Study of 
Oxide Films Formed on High Temper- 
ature Oxidation Resistant Alloys. J. W. 
HICKMAN AND E. A. GULBRANSEN. Trans. 
Electrochem. Soc., 91, 605-622 (1947). 

The oxidation products of a variety of 
high alloy steels were examined by elec- 
tron diffraction at 300 to 900 C. The ox- 
ide films consisted largely of an iron- 
chromium spinel and of Cr2Os, but nickel 
was never detected by spectrographic 
analysis of the scale. 


102. High Temperature Oxidation. H. M. 
McCutLoucH. Ohio State Univ. Studies. 
Eng. Exp. Sta. News, 19, 38-41 (1947). 

The corrosion rates at temperatures 
between 850 and 2100 F of Types 304 
and 410 stainless steel were measured 
by weight gain and weight loss tech- 
niques, The scales were chemically ana- 
lyzed and examined microscopically. A 
compact protective chrome-iron spinel 
oxide formed under conditions of low 
oxygen concentration while a porous 
non-protective iron oxide formed a higher 
oxygen concentration. 


103. Passivation of Stainless Steel. F. H. 
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Beck. Ohio State Univ. Studies. Eng. Exp. 
Sta. News, 19, 32-38 (1947). 

The mechanism responsible for passi- 
vation of 18/8 stainless steel by sulfuric 
acid solutions was investigated. Studies 
were made on the effect of vacuum ex- 
posure upon the corrosion resistance of 
passivated specimens. The surface films 
were examined by electron diffraction. 
The results indicate that passivation is 
effected by physical adsorption of gas 
on either the metal surface or on a 
hydrous oxide film. 


104. Oxide Films Formed on Alloys at 
Moderate Temperatures. Electron Dif- 
fraction and Electron Microscope Study. 
E. A. GULBRANSEN, R. T. PHELPS AND J. W. 
HickMAN. Ind. Eng. Chem., Anal. Ed., 18 
640-652 (1946). 

The composition of the oxide films on 
alloys of Fe, Cr, Ni and Co was re- 
ported on the basis of reflection and 
transmission electron diffraction data. 
The size and orientation of the film 
crystallites were determined by electron 
microscopy. 


105. An Electron Diffraction Study of 
the Films Formed on Alloys of Iron, 
Cobalt, Nickel, and Chromium at High 
Temperatures. J. W. HICKMAN ANDE. A. 
GULBRANSEN. Trans. Am. Inst. Mining 
Met. Engrs., 171, 344-388 (1947); Metals 
Tech., 13, Tech. Pub. No. 2069, October, 
1946. 

Examination of oxide films formed by 
oxidation of alloys at temperatures in 
the range 100 to 700 C showed that the 
composition of the films may not be 
correlated with the composition of the 
alloys. Fe and Cr ions diffused to the 
metal surfaces more readily than Ni 
which was present only in oxide films 


on 80 Ni/20 Cr alloys. 


106. An Electron Diffraction Study of 
the Oxide Films Formed on Iron, Co- 
balt, Nickel, Chromium and Copper at 
High Temperatures. E. A. GULBRANSEN 
AND J. W. HickMANn. Trans. Am. Inst. 
Mining Met. Engrs., 171, 306-343 (1947); 
Metals Tech., 13, Tech. Pub. No. 2068, 
October, 1946. 

Electron diffraction data are given for 
the oxide films formed on various met- 
als under different conditions of oxida- 
tion. 


107. Optical Methods of Studying Films 
on Reflecting Bases Depending on Po- 
larization and Interference Phenomena. 
A. B. WIntTERBOTTOM. Trans. Faraday 
Soc., 42, 487-495 (1946). 

The theory essential to the determi- 
nation of oxide film thickness on metals 
by reflectivity measurements is devel- 
oped. Data from measurements made on 
the thickness of films on Al, Cu and Fe 
compare favorably with gravimetric and 
electrometric determinations. 


108. The Products of Corrosion-—Iron 
Oxides, Hydrated Oxides and Hydrox- 
ides, R. C. Corey. Combustion, 18, 45-51 
(1946). 

A brief resume of the chemical and 
physical properties of the iron oxides 
and hydroxides is given. 


109. Electron Diffraction and Electron 
Microscope Study of Oxide Films 
Formed on Metals and Alloys at Mod- 
erate Temperatures. Stripped Oxide 
Films of Metals. R. T. Puetps, E. A. 
GULBRANSEN AND J. W. Hickman. Ind. 
Enq. Chem., Anal. Ed., 18, 391-400 (1946). 

Electron micrographs and_ electron 
diffraction patterns of the oxide films on 
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Cr, Co, Mo, Ni, Al, Nb and W are 
given. The size of the crystals in the 
metal oxide films ranges from 100 to 
2500 A 


110. Oxidation of Iron at High Temper- 
atures Determined Metallographically. 
J. BeENARD AND O. CoQuELLe. Rev. met., 
43, 113-124 (1946). 

The scale formed on iron above the 
A; transformation at 910 C is different 
in structure from that formed at lower 
temperatures. A linear rate law holds 
for the formation of Fe:O; and FesO, 
while a parabolic law holds for the for-. 
mation of FeO. C.A., 41, 3418c (1947). 


111. Passivation of Stainless Steel. E. M. 
MABLA AND N. A. NIELSEN. Trans. Elec- 
trochem. Soc., 89, 167-189 (1946). 


Chromium-iron alloys and 18/8 stain- 
less steel were exposed to a variety of 
passivating solutions at 60 C. Solutions 
of nitric, sulfuric, acetic, lactic and for- 
mic acids along with dichromate were 
employed as passivators. Reflection elec- 
tron diffraction studies showed that Cr-O; 
is the major constituent of the surface 
oxide produced by chemical and air oxi- 
dation of 18/8. Mixtures of iron oxides 
form on the surfaces of chromium-iron 
alloys as a result of oxidation. 


112. An Electron Diffraction Camera for 
the Study of High Temperature Surface 
Reactions. E. A. GuLBRANSEN. J. Appl. 
Phys., 16, 718-724 (1945). 

Apparatus for studying physical and 
chemical reactions on metal surfaces at 
elevated temperatures is described. 


113*. The System Iron-Oxidation. I. The 
Wiistite Field and Related Equilibria. 
L. S. DARKEN AND R. W. Gurry. J. Am. 
Chem. Soc., 67, 1398-1412 (1945). 


A strip of iron or iron oxide was sus- 
pended in a known, small temperature 
gradient in a CO.-CO environment of 
definite composition. The temperature 
corresponding to the line separating the 
two phases at equilibrium on the speci- 
men was measured. The ratio Fe(II)/ 
Fe(III) was determined by titration 
with permanganate, reduction with a 
Jones reductor and subsequent titration 
with permanganate. As a result of this 
study the activity of any iron-oxygen 
complex can be computed. The values 
obtained for the heat of formation of 
magnetite at 1250 and 25 C agree well 
with those of other investigators. 


114. A Theory of the Mechanism of 
Rusting of Low Alloy Steels in the At- 
mosphere. H. R. Corson. Am. Soc. Test- 
ing Materials, Proc., 45, 554-580 (1945). 

Techniques employed in this study in- 
clude weight-loss-versus-time data and 
chemical analysis of the corrosion prod- 
ucts. A corrosion mechanism was postu- 
lated in which the rate and extent of 
corrosion is dependent on the quality 
and quantity of water reaching the steel 
surface. Insoluble corrosion products 
plug pores in the oxide coating formed 
during corrosion of metals. Sulfates pro- 
duced by sulfate corrosion of alloy 
steels are relatively insoluble; accord- 
ingly, the extent of corrosion is less for 
alloy steels than for mild steel. 


115. Comparative Corrosion Resistance to 
Seawater of Low-Alloy, High ee 
Steels. J. F. J. THomas anv A. 
HALFERDAHL. Can. Chem. Proc. Ind., : 
43-48 (1945). 


Several types of descaling solutions 
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were employed for the removal of cor- 
rosion products from low alloy steel 
specimens which had been submitted to 
salt water corrosion. The extent of cor- 
rosion was determined and the rust was 
analyzed chemically. Small amounts of 
Cu, Ni, Cr and/or Mo improve the cor- 
rosion resistance to intermittent or par- 
tial immersion in sea water but reduce 
the corrosion resistance under condi- 
tions of total immersion in aerated sea 
water. 


116. Solubility of Ferrous Oxide in Pure 
Solid fron. A. Portevin AND L. GUILLET. 
Engrs. Digest, 1, 494-495 (1944). 

Micrographic examination shows that 
above 800 C the oxide present on iron 
dissolves in iron, Above 1000 C iron ox- 
ide disappears from the metal surface 
entirely. 


117. A Study of the Surface Film on 
Chromium-Nickel (18/8) Stainless Steel. 
W. H. J. VERNON, F. WorMWELL AND T. J. 
Nurse. J. Iron Steel Inst., 150, 81-92 
(1944). 

An iodine-methanol solution was em- 
ployed to strip oxide films from 18/8 
steel. The stripped films were subjected 
to chemical analysis. The composition 
of the film was dependent on the degree 
and method of polishing and on the tem- 
perature of oxidation. The film was en- 
riched with chromium but not with nickel. 


118. The Corrosion of Alloy Steels by 
High-Temperature Steam. G. A. Haw- 
KINS, J. T. AGNeEs AND H. L. SOLBERG 
Trans. Am. Soc. Mech. Engrs., 66, 291- 
295 (1944). 

Unstressed specimens of low carbon, 
chromium and chromium-nickel steels 
were exposed to steam at temperatures 
between 1000 and 1800 F. The scale re- 
moved from the corroded specimens was 
analyzed chemically. 


119. High-Temperature-Steam Corrosion 
Studies at Detroit. I. A. Rouric, R. M. 
VaNDuzer AND C. H. FEettows. Trans 
Am. Soc. Mech. Engrs., 66, 277-290 (1944). 

The effect of steam at 380 psi and 925 
to 1100 F on 46 different metals and 
alloys was investigated. Weight-loss, 
hardness, metallographic and corrosion 
rate data were obtained. 


120. The Crystal Structures of Fe, FeO, 
and Fe,Q, and their Interrelations, H. J. 
Gotpscumont. J. Iron Steel Inst., 146, 157- 
180 (1942). 

An investigation was made as to why 
a-Fe,O; is never found among the cor- 
rosion products when iron is oxidized in 
a limited supply of oxygen. X-ray dif- 
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fraction measurements were used to 
show the structural relationships be- 
tween Y-Fe and FeO and between a-Fe 
and Fe;O, Hematite, being of rhombo- 
hedral symmetry, is not structurally re- 
lated to the cubic structures of Fe and 
FesO.. 


121. A Study on the Corrosion of Iron 
by Electron Diffraction. S. Miyake. Sct. 
Papers Inst. Phys. Chem. Research (To- 
kyo), 36, 363-370 (1939). 

The corrosion of Armco iron in water 
and 1 percent NaCl solution was investi- 
gated at room temperature. An outer- 
most layer of rust was identified as 
y-FeOOH and an innermost layer, as 
y-Fe.O;. Electron diffraction examina- 
tion of intermediates in the dehydration 
of Y-FeOOH show that a _ corrosion 
product of composition intermediate in 
composition to Y-FeOOH and y-Fe:Os 
can exist. 


122. The pH, Dissolved Iron Concen- 
tration, and Solid Product Resulting 
from the Reaction between Iron and 
Pure Water at Room Temperature. 
R. C. Corey anp T. J. FINNEGAN. Proc. 
Am. Soc. Testing Materials, Preprint No. 
101, 12 pp. (1939). 

At room temperature water dissolves 
up to 0.2 ppm of iron. The equilibrium 
pH is 8.3. A solid product identified by 
x-ray diffraction as FesO, is formed in 
the reaction of iron with water. 


123. The Primary Oxide Film on Iron. 
H. R. Netson. J. Chem. Phys., 5, 252-259 
(1937). 

Electron diffraction studies were em- 
ployed to examine the structure of air- 
formed films on iron. Fe;O, or y-Fe:O; 
were observed to comprise the film. The 
oxide has a definite orientation relation- 
ship with the metal substrate. 


124. Study of Oxide Films on Metal 
Surface With Cathode-Ray Diffraction. 
II, Iron, Chromium, Nickel and Their 
Alloys. S. Miyake. Sci. Papers Inst. Phys. 
Chem. Research (Tokyo), 31, 161-173 
(1937). 

The oxide film which forms on iron at 
temperatures below 200 C is FesO,. At 
higher temperatures a layer of a-Fe.O; 
lies above the FesO. which is at the 
metal interface. The film on Fe-Al and 
Fe-Ni alloys is a-Fe:O;:. A mixture of 
FeCr2O,, CreO3 and a solid solution of 
Cr2O3Fe:O; comprises the film on Cr-Fe 


alloys. [C.A., 31, 4244° (1937.)] 


125. Examination of Passive Iron by 
Electron Diffraction, I. Irraka, S. Mr- 
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YAKE AND T. IrMmorr. Nature, 139, 156 
(1937). 

Films were detached from iron fol 
lowing passivation in chromate solu- 
tion. Electron diffraction transmission 
patterns indicate that either Y-Fe:O; o: 
Fe;O, comprise the film. 


126. The Thickness of Oxide Films on 
Iron. H. A. Mitey. Iron Steel Inst. Car 
negie Scholarship Mem., 25, 197-212 
(1936). 

Film thickness was detérmined by 
measurement of the amount of electric- 
ity required to reduce the oxide. Values 
obtained in this manner were compared 
with optical and gravimetric determina- 
tions. The explanation for failure to ob- 
serve interference colors at temperatures 
below 200 C is that at these tempera- 
tures Fe;O, or Y-Fe2O; (cubic structures) 
exist on the iron (cubic structure) sur- 
face. At higher temperatures a-Fe.O, 
(rhombohedral structure) which is opti- 
cally discontinuous with iron appears in 
the film and produces the interference 
colors, 


127. A Laboratory Study of the Atmos- 
pheric Corrosion of Metals. W. H. J. 
VERNON. Trans, Faraday Soc., 31, 1668- 
1700 (1935). 


‘The oxidation of iron proceeds by a 
different mechanism above 200 C than 
at lower temperatures. Only above 200 C 
may interference colors be produced 
with precision. Electron diffraction stud- 
ies show that the oxide film on iron 
which has been oxidized below 200 C is 
y-FeO. or FesO, while above 200 C 
a-Fe.Oz3 is also formed. 


128. The Passivity of Metals, Part VII. 
The Specific Function of Chromates. 
T. P. Hoar anv U. R. Evans. J. Chem. 
Soc., 1932, 2476. 

Iron (III) but never iron (II) was 
found to be a product of the reaction of 
FeSO, and K2CrO, in alkaline solution. 
Following the corrosion of mild steel in 
chloride-chromate solutions Cr (IIT) 
along with Fe(III) was detected in both 
a loosely held oxide layer and a tightly 
bound oxide film on the metal surface. 


130. The Passivity of Metals. Part I. 
The Isolation of the Protective Film. 
U. R. Evans. J. Chem. Soc., 1927, 1020. 

Oxide films were removed from iron 
by dissolution of the metal with either 
iodine or anodic treatment. Certain gen- 
eral observations concerning the inter- 
ference colors, composition and protective 
qualities of iron oxide films are discussed. 
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An Impressed Current Cathodic Protection System 
Applied to a Submarine” 


By E. E. NELSON 


Introduction 

HE NAVAL RESEARCH Laboratory, as part 

of the program initiated by the Bureau of Ships 
of applying cathodic protection to reduce the corro- 
sion damage to underwater hulls of ships, was au- 
thorized to design and supervise the installation and 
operation of an impressed current system for a fleet- 
type submarine. 

The problem of devising a system that would con- 
form to good design practice for submarines was re- 
solved by consulting with the various interested 
groups at the Portsmouth Naval Shipyard. Such a 
system was installed on the submarine at the Phila- 
delphia Naval Shipyard in February and March of 
1953. The ship then engaged in active duty until 
March 1954 at which time it was dry-docked at the 
Charleston Naval Shipyard. 

As a result of dry-dock inspection and a review 
of the year’s operation, some important modifications 
of the design were judged to be desirable. These 
modifications were accomplished at the Charleston 
Naval Shipyard in March and April of 1954, This 
report contains a description of the cathodic protec- 
tion system installed at that time, typical operating 
data and some conclusions drawn from a dry-dock 
inspection in February, 1955 after approximately ten 
months of ship operation. 


Details of Cathodic Protection System 


The principal parts of the installation are shown 
by the wiring diagram (Figure 1), Cabinet I contains 
a potentiometer and circuit for obtaining hull poten- 
tial readings. Cabinet II contains an electrically 
driven motor for automatically adjusting the total 
current as described below, while Cabinet III con- 
sists of a transformer and full wave rectifier. 


The anodes consist of copper rod ¥% inch in diam- 
eter and 48 inches long clad with 0.005 inch of plati- 
num (20 percent palladium) alloy. There were a total 
of 11 anodes; two were located above the normal 
water line and nine below. The locations of the an- 
odes as well as the reference electrodes are shown in 
Figure 2. 

A sketch of the steel anode holder is shown in 
Figure 3. The silver-soldered junction between the 
anode and the rubber covered copper cable was cov- 
ered with a thermosetting neoprene seal to prevent 
any contact of the copper with sea water. 

The selenium rectifier was full wave with a rated 
output of 132 amperes, The voltage input was con- 
trolled by a variable auto transformer which could 
be manually operated or could be regulated auto- 
matically by an electric motor driven by an electronic 
amplifier. The input signal to the amplifier was the 


*% Submitted for publication June 11, 1956. 
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Abstract 


A cathodic protection system using platinum-clad 
copper anodes on neoprene shields was installed on 
a fleet-type submarine. Current was supplied from a 
rectifier to 11 anodes distributed over the hull, the 
potential being monitored by 13 silver-silver chloride 
electrodes at selected locations. The system was op- 
erated for a ten-month period of active duty after 
which inspection on a marine railway showed the 
hull to be in excellent condition with the vinyl paint 
functioning well. Three of the anodes were damaged 
but all the cable seals, insulators and anode shields 
were found intact. The use of platinum-clad anodes 
of the type employed seems economically feasible 
since the cost of these anodes constitutes a small 
part of the cost of installation. Laboratory tests indi- 
cate the desirability of replacing the copper anode 
core by a silver core as an insurance against anode 
failure in the event of a perforation of the platinum 


cladding. 525 


voltage difference between the ship’s potential and 
a voltage taken from a dry cell, called “bucking volt- 
age” in Figure 1. The amplifier either increased or 
decreased the cathodic protection current so that this 
voltage difference would be very nearly zero. Thus 
the ship’s potential is adjusted to equal the voltage 
taken from the dry cell. 

The automatic control was not evaluated during 
the test program as it was found that the current 
requirements were about equal to the maximum cur- 
rent obtained from the rectifier under the operating 
conditions. Thirteen silver-silver chloride reference 
electrodes were spaced about the hull and super- 
structure. A selector switch permitted reading of the 
potential difference between each reference electrode 
and the hull. 

The cathode areas surrounding the anodes were 
covered with special shielding material to avoid large 
current to these areas. Surrounding the seven anodes 
on the outer hull, a 12 foot by 8 foot area was cov- 
ered with one layer of 1/16 inch thick neoprene ce- 
mented to the hull with a cold process neoprene 
adhesive, Flat steel strips overlapping the edges 
were welded around the periphery of the shields. 

The two anodes behind the port and starboard 
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torpedo shutters were surrounded by a 12 foot by 

& foot shield of neoprene paint built up to 0.050 inch 

thickness. The two anodes on top of the pressure 

hull did not have any special shielding material but 
‘ere surrounded by the standard vinyl paint system 
for hulls, which was used for the entire exterior of 
1e ship. 


Operation of the Modified System 


After a brief period of operations at sea the sub- 
;iarine was berthed at Key West early in June of 
1954, a separate berth being provided so that the 
hip could be more easily electrically isolated from 
‘ther structures. After isolation was obtained, the 
; otential measured at electrode No. 9 rose from 0.60 
» 0.85 volt. These potentials, as well as all others 
:eported, are negative with respect to the silver-silver 
chloride reference electrode, At this time, with a 57 
; mpere current flowing, potential readings were made 
‘bout the ship by means of an auxiliary electrode. 
“hese potentials are listed in Table 1. 


Because the current of 57 amperes was thought 
to be large for achieving these potentials, considering 
the extent of the underwater area, a test was per- 
tormed with the ship’s permanent anodes turned 
“off” and auxiliary anodes suspended from the pier 
at a minimum of 25 feet from the hull. The same 
mount of current was required from these anodes 
as from the ship’s permanent anodes to produce the 
same potential on the hull. This indicated that cur- 
ent distribution from the permanent anodes was sat- 
isfactory and that the neoprene anode shields were in 
good condition, The conclusion concerning the anode 
shields was corroborated by periodic divers’ inspec- 
tions. 

During a one day period in September, 1954, a 
number of potential readings were made under sev- 
eral different conditions. With the submarine tied up 
to the pier, the hull potential indicated by No. 9 ref- 
erence electrode was 0.83 volt, with 55 amperes flow- 
ing from nine anodes at 5.8 volts, After the ship 
began to move, at 10 knots, the potential gradually 
decreased to 0.73 volts in four hours with the same 
current flowing. On submerging, the current in- 
creased to 65 amperes as a result of two additional 
anodes being under water. The potential of the hull 
in the vicinity of ‘the reference electrodes ranged 
from 0.66 to 0.77 volt. When the ship returned to 
the pier and tied up, the No. 9 electrode read 0.77 
volt. This value increased slowly and five hours later 
was 0.83. 


Dry Dock Inspection—February 1955 

On February 10, 1955, inspection of the ship on 
the marine railway at Key West showed that the 
hull was in excellent condition with the vinyl paint 
functioning well. The small areas that were bare of 
paint were almost completely free of corrosion. Only 
a few spots of superficial corrosion were found any- 
where. Some coating was gone from the area sur- 
rounding the propeller but no corrosion was noted. 

Of the eleven platinum anodes, three were dam- 
aged. Anode No. 3 was severed near the neoprene 
seal, apparently the result of a break in the cladding 
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Figure 1—Wiring diagram of the cathodic protection system on 
submarine. 


TABLE 1—Hull Potentials 


LOCATION 


Near propeller—starboard 
Near propeller—port 
Amidships—starboard............. 
Amidships—port 
Bow—starboard 
Bow—port 


Our whore 


Note: Current was 57 amperes. The reading on the permanently installed 
reference electrode No. 9 was 0.83 at this time. 


with subsequent anodic corrosion of the copper core. 
One-third of anode No. 10 and two-thirds of anode 
No. 11 were gone. Since these anodes were still able 
to supply current when tested just prior to the dry 
docking, efforts were made to seal the open ends. 
Eight anodes remained undamaged. 


The neoprene cable seals appeared to be com- 
pletely free of any damage resulting from the 10 
months’ exposure to sea water and chlorine. The 
lucite sleeves used to support and insulate the anode 
rod showed no change from their original appear- 
ance, Likewise, no damage of any kind to the sheet 
neoprene shield was noticed. 


Some Observations from the Initial Installation 

The anodes of the original installation consisted of 
12 copper rods, % inch in diameter and 2 inches long, 
clad with 0.005 inch of platinum-palladium alloy. It 
was intended to make use of the high current density 
permissible from a platinum surface in sea water to 
furnish a relatively large amount of current from a 
small anode area. Operating for one year at a cur- 
rent density of four amperes per square inch caused 
no noticeable deterioration of the platinum. How- 
ever, while the high current density did not affect 
the platinum, it appeared that a sufficiently high con- 
centration of chlorine was produced so that some 
damage resulted to the neoprene seal that protected 
the junction between the anodes and the copper 
cable. The vinyl paint that was used as a shield 
around the anodes was also damaged by the chlorine 
flowing upward from the anodes. 

An additional consideration in the use of the small 
anodes was their relatively high resistance. Operat- 
ing with nine anodes in 15 ohm-cm sea water, 18 
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Figure 2—Location of anodes and reference electrodes on submarine. 


Figure 3—Sketch of platinum anode element and steel holder. 


volts were required to produce 40 amperes. It was 
to avoid these difficulties that the modified system 
was equipped with longer anodes and neoprene 
shields. 

Since 40 amperes produced only a slight polariza- 
tion, a test was performed with auxiliary anodes 
suspended from a pier at a minimum distance of 
25 feet from the hull, Since the current required to 
polarize the hull to 0.85 volts was 120 amperes, it 
was concluded that the “cold plastic” paint system 
used on this ship was acting as a poor electrical 
insulation. Hence vinyl paint was used in the modi- 
fied system. 


Summary and Conclusions 

A cathodic protection system using platinum 
anodes was on a submarine for nearly a year, a suffi- 
cient period of time to furnish certain useful and 
reliable data. The use of platinum anodes appears 
economically feasible inasmuch as the cost of these 
anodes constitutes a small part of the total cost of 
the installation. Furthermore, since platinum is ap- 
parently a completely inert anode material under the 
conditions of operation some economic gain can be 
expected from extended anode life. 

Small platinum anodes were found to function at 
high current density without apparent damage to 
the platinum but they had a high resistance that was 
considered objectionable. In addition, the high cur- 
rent density at the anodes resulted in a concentra- 
tion of chlorine in the surrounding sea water which 


damaged the neoprene cable insulation and the hul 
paint coating. 

These disadvantages disappear with the use o' 
large platinum anodes, The optimum use of sucl 
anodes, however, requires some further attention t 
mechanical design to avoid breakage. 

On the basis of laboratory tests, it has been recom 
mended that silver rods replace copper as the core 
material of the platinum anodes. In the event of a 
perforation of the platinum cladding the silver should 
corrode much less rapidly because of the protection 
provided by the silver chloride that forms. Tests at 
this laboratory have shown good results when a 
silver core was intentionally exposed to salt water. 


Author’s Note 
The opinions expressed in this paper are those of 
the author and not necessarily those of the Naval 
Research Laboratory or of the Navy Department. 


Appendix 


Requests have been received concerning the construction 
of the silver-silver chloride reference electrodes. The method 
used in fabricating the cells for the work covered in the 
paper is here presented. 

Rectangles measuring 2 inches by 6 inches were cut from 
high purity silver gauze of 20 mesh and 0.012 inch gauge. 
A 5-inch length of No. 16 gauge high purity silver wire was 
used as an electrical lead. It was placed along the 2 inch edge 
of the gauze, heated to a slight redness with a torch, and 
struck with a hammer. The element then had the appearance 
of a flag. The silver mesh was then rolled around the silver 
lead wire. 

Next the gauze was cleaned by boiling in 20 percent sodium 
hydroxide solution for two hours, followed by three rinses 
in tap water and two rinses in distilled water. The element 
was then dried overnight in an oven at 100 C. 

Silver chloride was heated in a silver crucible to approxi- 
mately 50 degrees C above its melting temperature (455 C). 
The silver gauze was immersed in the molten silver chloride 
long enough for wetting to take place. The excess silver 
chloride was shaken out and after cooling, the silver-silver 
chloride element was made a cathode in a 3.5 percent sodium 
chloride bath. One-hundred ma was passed for one hour 
using a platinum anode. 

When the elements are first put into use, there is usually a 
drift in potential for several hours. After this initial period 
the potentials of elements are stable and agree within 3 mv 
of one another. With the size of elements described here, it 
has been found that a current of 0.2 ma through the element 
continuously for 24 hours produced only a slight polarization. 


Any discussion of this article not published above 
will appear in the June, 1957 issue. 
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Cathodic Protection of an Active Ship 
Using A Trailing Platinum-Clad Anode* 


By H. S. PREISER and F. E. COOK 


Introduction 

URRENT DISTRIBUTION in cathodic protec- 

tion systems is dependent on several factors, the 
iore important of which are driving potential, anode 
nd cathode geometry, spacing between anode and 
athode and the conductivity of the electrolyte. When 
esigning cathodic protection systems for the under- 
ody of active vessels, the corrosion engineer is 
lagued with the problem of achieving uniform cur- 
ent densities with anodes mounted directly on the 
iull. The consistent high conductivity of open sea 
vater is favorable toward good distribution of cur- 
ent. The corrosion engineer has wide control over 
he geometry of the anode and the driving potential 
if the system, but he is seriously limited with re- 
spect to the spacing between the anode and the cathode. 


Schemes in Use 

Several anode configurations and arrangements 
have been advocated and tried in order to circumvent 
the problem of current distribution, In one installa- 
tion on a Yard Tug Boat (YTB), thirty 12-inch x 
6-inch x 14-inch zinc anodes were widely spaced 
around the hull. This arrangement proved successful 
in achieving balanced potentials over the hull surface.’ 
In another installation, magnesium anodes (higher 
driving potential than zinc) were grouped on the 
bilge keel and insulated from the hull except through 
a rheostat control.** The current output was con- 
trolled to produce reasonably uniform polarization 
over the hull. 

Other investigators have had success in spreading 
current by the use of high-potential, impressed- 
current anodes which were mounted on dielectric 
shields extending for several feet on each side of the 
anode.*®> The anodes, relatively few in number, 
were widely spaced along the hull. This shielding 
provides virtually the same effect as removing the 
anode a finite distance from the hull. 

Shepard and Graeser* have shown that resistance 
to ground increases logarithmically as anode to 
cathode distance is increased. The curve becomes 
asymptotic to a fixed resistance value where anode 
to cathode distance is greater than 500 anode diame- 
ters, In general, shielding removes the anode from 
the cathode but at a distance, considerably less than 
500 diameters. Therefore, although shields reduce 
high current concentration and current wastage at 
the cathode in the immediate vicinity of the anode, 
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Abstract 


A high capacity versatile trailing platinum-clad anode 
has been developed and tested. When trailed behind 
the stern of a moving ship, a uniform polarization 
pattern was achieved at speeds up to nine knots. 
Uniform polarization also was achieved with the 
ship at rest and the anode in a remote position. 

The current requirements for the ship polarized 
between —0.80 and —0.85 volt (to silver-silver chlo- 
ride) ranged from 5 amperes at rest to 15 amperes 
at 9 knots. The current requirements under velocity 
conditions were higher for the unpolarized hull than 
for the hull pre-polarized at rest. 

The driving voltage versus current output of the 
anode was determined for a range up to 47 amperes. 
The measured remote resistance of the anode to the 
hull (ground) was found to be in substantial agree- 
ment with calculated values. 

The paper discusses the advantages of the trailing 
anode over existing hull-mounted anode systems, 
and speculates as to its future possibilities in the 
marine field. 8.9.5. 


optimum current distribution to an irregularly 
shaped cathode can be accomplished only by spacing 
the anode a remote distance away from the cathode. 

Another important consideration is that length to 
diameter ratio of the anode geometry is a large factor 
in reducing the resistance of an anode located a re- 
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Figure 1—Trailing platinum-clad anode. 





Figure 2—Over-all view of platinum-clad anode. 
Note moulded rubber cable connection. 


mote distance to ground, An anode 48 inches in 
length and 14-inch in diameter (ratio of 196 :1) has 
an electrolytic resistance to remote ground of about 
0.2 ohm when calculated by Dwight’s formula.® 


Engineering Penalty 

All of these methods in use today, without excep- 
tion, impose an engineering penalty on a cathodic 
protection system, Large masses of galvanic anodes 
in addition to economic aspects, increase dead weight 
carried and add to the frictional drag of the ship. 
Resistance controlled outputs from magnesium an- 
odes decrease the anodic corrosion efficiency and 
therefore waste valuable anode material. High po- 
tentials generally destroy intact paint films and 
thereby increase current requirements to protect the 
ship. Applying dielectric shield materials around 
high-potential anodes, if properly done, is expensive 
and time consuming. In general, hull mounted ca- 
thodic protection systems require multiple anode 
assemblies fitted to the ship while in drydock. The 
system cannot be adequately inspected or main- 
tained during service which is inconvenient and 
costly, if not operable. 


Difficulties Overcome 
The difficulties of installation and maintenance of 
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as the variations in performance can be overcome by 
using a trailing anode, By removing the anodes from 
the hull proper and consolidating them into one 
lightweight, streamlined, high capacity anode, one 
can trail such an anode a sufficient distance from the 
hull to give remote resistance to ground, This pro- 
duces essentially uniform current paths to all parts 
of the hull. Edison’ had tried to design such an anode 
but failed due to the lack of proper materials. Today 
with the knowledge of platinum-cladding and special 
cable sealing techniques, a simple high capacity, 
trailing inert anode is feasible, and practical. 


Description of the Trailing Anode 

The trailing anode consists of a single 90-10 plati- 
num-palladium alloy cladding on a coin-silver rod, 
48 inches in length. Other materials may be used in 
place of silver. 

The major portion of the anode is a section 4 
inch in diameter which flares gradually to ™%-inch 
diameter at one end. The cable attachment and insu- 
lated connection is made at the flared end in a 
streamlined manner. The other end of the anode rod 
is pressure capped with a platinum alloy thimble 
which is sweated in place with silver solder. A poly- 
ester resin sleeve is molded on the thimble end for 
further protection of the joint, The 5 mil cladding is 
tested anodically in a 3 percent NaCl solution at 
high current drain for 24 hours and by immersion in 
concentrated nitric acid for 48 hours to be sure that 
it is absolutely pore free. Figure 1 shows a schematic 
arrangement of the anode and cable seal and Figure 
2 is a photograph of the over-all anode. 

The cable is a PVC-sheathed, flexible single con- 
ductor about 200 feet in length which is attached by 
silver soldering to the silver rod. For continuous 
rugged duty, a steel cored insulated copper cable 
may be substituted for the stranded copper type. 

A streamlined PVC rubber seal is molded over the 
cable and platinum-clad rod at the junction. The seal 
is then wrapped in polyethylene tape or sheathed in 
an oxy-chloride resistant material. For purposes of 
the experiment described herein the seal was made 
of a cast epoxy resin which in turn was sheathed by 
a PVC molded rubber skin. 

The total calculated resistance of the anode rod to 
remote ground, which included the 200 feet of line re- 
sistance (0.2 ohm), was in the order of 0.4 ohm which 
was confirmed by plotting data of driving voltage versus 
current output of the anode in operation (see Fig- 
ure 3). 

Certain design considerations are involved in order 
to obtain a trailing anode which can be smoothly 
towed through the water without whipping, twisting 
or bobbing. If the anode is made an extension of the 
towing cable by designing the weight per foot of the 
rod to approach that of the cable and so as not to 
have any abrupt change in cross section, it will tow 
at a fixed depth for a given speed of the vessel.® 
Varying the speed of the vessel will cause the anode 
to seek a new steady depth. No flexing will occur at 
the cable connection and whipping will be absent 
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Figure 3—Current output versus driving voltage for trailing platinum- 
clad anode. 


because of a smooth axial flow pattern associated 
with fluid flow over a cylindrical section. 


Early Experiments 

In February, 1955, the first attempt was made to 
polarize an active Yard Tug Boat, YTB 366, with 
the trailing platinum anode.® Unfortunately for this 
experiment the zinc anodes normally installed on the 
stern of the tug boat had been renewed in January, 
1955, and the potential of the hull before applying 
current averaged about —0.78 volt.” The results of 
applying current from a trailing anode to this ship 
showed that it took only 2.1 amperes to polarize the 
hull to —0.85 volt at the dockside and 4.2 amperes 
underway at 12 knots. The potential of —0.85 volt 
was arbitrarily chosen as the level of complete pro- 
tection, In actual practice, polarization to —0.82 volt 
is more than adequate. 

The YTB 366 has an approximate underwater area 
of 1800 square feet and a manganese bronze propeller 
of about 90 square feet. Since the original potential 
data showed considerable polarization of the hull 
prior to applying current from the trailing anode, 
the test was not considered adequate. Preparations 
were made to run this test again using an unpolar- 
ized ship. 


Later Experiments 

During the early part of October, 1955, another 
ship was available for repeating the experiment.’° 
This work boat had a length over-all of 64 feet, beam 
of 18 feet and full-load draft of 6 feet 2 inches. Its 
wetted surface was computed at 1065 square feet and 
its manganese-bronze propeller area at 21.8 square 
feet. The ship had been last painted with a Navy 
cold plastic paint system in 1954 and dockside obser- 
vations revealed moderate fouling on the bottom. 


Installation 
The ship was outfitted with four silver-silver chlo- 


@ All hull potentials are open circuit potentials and refer to the satu- 
rated silver-silver chloride half-cell in seawater. In this paper the 
potentials increase in the anodic direction (more negative) and 
decrease in the cathodic direction (Jess negative) 
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Figure 4—Disc (left) and trailing (right) 
Ag-AgCl reference electrodes. 


ride reference electrodes, Two stationary disc-type 
reference electrodes were suspended on pipe sup- 
ports and tied to the hull, one forward on starboard 
side, the other aft on port side. In addition, two trail- 
ing reference electrodes were arranged at the stern 
on 50 foot cable leads. Figure 4 shows an over-all 
view of the two types of reference electrodes used. 

The trailing anode was attached to the stern on 
a 200 foot lead of cable. Figure 5 shows the schematic 
arrangement of the reference electrodes and trailing 
anode, 

The reference electrode leads were brought into 
a selector switch which in turn was connected to a 
potentiometer-voltmeter instrument. The trailing 
platinum-clad anode was connected to the ship’s 
service DC generators through a large capacity vari- 
able resistance bank. 


Dockside Tests 
First Test 

On 6 October 1955 a preliminary test was made. 
Purpose of the test was to determine polarization 
and depolarization response time of the ship with 
current impressed from a platinum-clad anode lo- 
cated remotely. 

The vessel had an initial potential of —0.62 volt. 
A current of 10 amperes at a driving voltage of 4.6 
volts was applied from the trailing anode suspended 
200 feet away from the ship. The closed circuit 
potential of the hull climbed to —0.85 volts in 30 
minutes and dropped off rapidly when the circuit 
was opened, Figure 6 is a plot of these potentials 
against time. 

A current of 10 amperes produced a rapid polari- 
zation response of the hull which indicated that the 
current supplied was in excess of that normally re- 
quired. Temporary polarization was achieved as in- 
dicated, by the rapid depolarization of the hull which 
followed when the current from the anode was 
turned off. 


Second Test 
On 10 October 1955 another dockside test was 
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TABLE 1—Dockside Hull Potential ore 
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Figure 5—Schematic arrangement of trailing 
the platinum-clad anode from the ship. 


conducted. Purpose of this test was to determine the 
current requirements to polarize the hull to the open- 
circuit potential of —0.82 volt under stationary 
conditions, 

The ship was electrically isolated from the dock 
by disconnecting all shore power and outside tele- 
phone circuits, Manila line and camels (rope fenders) 
were used to moor the ship to the dock. At first a 
hull potential survey was made at various stations 
around the hull as marked in Figure 5, Table 1 lists 
the hull potentials measured at various stations 
which averaged about —0.67 volt. The uniformity of 
the observed hull potentials indicated partial polari- 
zation of the propeller by the hull or by the remain- 
ing zincs which were attached to the hull. The trail- 
ing anode was again located about 200 feet from the 
hull and suspended vertically in the water by tying 
the electrical lead to one of the dock pilings. 

A water sample was taken and analyzed. The re- 
sults showed a pH of 7.5, specific gravity at 77 F of 
1.025 and a salinity of 3.7 percent. The resistivity 
calculated at 52 F was 25.5 ohm-cm. 

This time by careful adjustment of the current 
over a period of about 10 hours, 6 amperes were 
found to maintain on open circuit a hull potential of 

0.85 volt. A plot of potential versus time (average 

bow and stern electrodes) recorded during the 
run is shown in Figure 7, Battery power from the 
ship’s generator starting system was used to supply 
current for this dockside test. 

The current required to maintain an open circuit 
polarization of —0.82 volt on the stationary ship was 
in the order of 5 amperes. The slow depolarization 
which occurred when the current was turned off indi- 
cated that a more permanent polarization film was 
achieved on a hull when the time of polarization was 
increased. 

The hull potentials were measured with reference 
electrodes mounted close to the hull, Reading with 
a remote reference electrode indicated a higher 
tential by 50 millivolts. A check between two refer 


po 
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TABLE a—Hell Potential wheat at Sea 


Readings in Volts at Various Stations! 








si | s2 | s3 | S4 | S5 |Stern PS | Pa | P3 | P2 | PI 

0.72 | 0.72| 0.74| 0.73 | 0.71 | 0.69. 0.72 | 0.73 | 0.72 | 0.73 | 0.70 
0.72 | 0.74 | 0.73 | 0.73 | 0.71 | 0.70| 0.72} 0.73 (0.73 | 0.72 0.71 
0.73 | 0.74 | 0.73 | 0.73 on 0.71 0.72 | 





a theidher, 1955; resistivity of sea water was 23.3 ohm-CM at 53.5 F 


Reference Electrode was Ag-AgCl 
1! Minus Sign Omitted. 


ence electrodes spaced about 75 feet apart while 
current was flowing from the trailing anode revealed 
an IR drop of .05 volt in the sea water circuit which 
accounts for the difference between adjacent and 
remote reference electrode readings. The same differ- 
ence was recorded during underway tests. 


Sea Trials 


Current from the dockside trials was turned off at 
7 AM the next day and the ship was made ready for 
sea. The anode was reconnected directly to the ship’s 
service generator switchboard. At 10:30 AM the ship 
“lay to” (1.e., the ship was brought into the wind and 
held stationary except for drifting) about 5 miles 
offshore where the water depth was about 200 feet. 
The ship had depolarized gradually, but the 3% hour 
time interval with no current from the anode did not 
allow complete depolarization of the hull, 

Prior to running a new series of tests, another hull 
potential survey was taken in the “lay to” condition 
which is tabulated in Table 2. A sea water sample 
was taken and analyzed. The resistivity was calcu- 
lated to be 23.3 ohm-cm at 53.5 F. 


Purpose of Tests 

Tests were conducted to measure the relationship 
between the driving voltage and current output of 
the trailing anode located a remote distance from the 
hull. The trailing anode was connected to the ship’s 
generator and was suspended vertically from the 
stern 150 feet below the keel. 

The current was varied from 1.0 to 47.0 amperes, 
the maximum capacity of the resistor bank, Figure 3 
is a graph of the results. It can be seen that the 
major portion of the curve is linear, the slope of 
which is equal to the resistance of the anode. Note 
that no current flowed until the back voltage of the 
anode was overcome which was in the order to 2.0 
volts, Furthermore, the upper end of the curve is 
beginning to flatten out which may have been the 
result of a gas film resistance created by the turbu- 
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Figure 6—Hull potential versus time on preliminary test with a trailing 
platinum-clad anode. 


ent bubbling (oxygen and chlorine) at the anode. 
No attempt was made to determine the practical 
maximum current output that could be realized from 
the trailing platinum-clad anode. 


Conclusions 


The current output was essentially linear and aver- 
aged about 2.5 amperes per volt over the 18 volt 
range of the test. 

During this test which consumed 30 minutes, the 
open circuit hull potential rose from about —0.70 to 
—0.89 volt. The current was then dropped to 5 am- 
peres and held for one hour. The hull potential re- 
mained constant at about —0.80 volt which further 
confirmed the conclusions of the second dockside 
test, The anode depth was varied next from the 150 
foot submergence to the surface in increments of 50 
feet over a period of five minutes to determine if the 
hull potential would be affected. No change of cur- 
rent output, driving voltage or hull potential was 
noted during the brief period in which the anode to 
cathode distance was varied. Apparently, longer pe- 
riod tests are necessary to establish the change in 
hull potential distribution with anode distance to hull. 


Underway Tests 
Purpose of Tests 

Tests were conducted to determine the effect of 
ship’s speed on the current required to maintain a 
protective polarization of —0.82 volt. 

A series of potential and current readings were 
made with the ship underway. The data are shown 
in Figure 8, The anode was trailed at 200 feet and 
additional trailed at 50 feet. 
Starting at zero time, a current of about 5 amperes 


two electrodes were 


maintained an average hull potential of —0.79 volt 
at three knots.’ Four minutes later, the ship’s speed 
Was increased to six knots; the current setting was 
not changed. During the ensuing 19 minute period, 


the open circuit potential dropped from —0.79 to 


@) Average potential is the arithmetic mean of the bow and stern 
hull mounted electrodes. The trailing remote electrodes were used 
as check stations and in all cases, read about 50 millivolts higher 
than the average. 


Figure 7—Hull potential versus time on final dockside test with a trailing 
platinum-clad anode. 
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Figure 8—Underway tests with a trailing platinum-clad anode. Hull 
potential versus time is shown for various operating conditions, 


—0.77 volt. The speed was then increased to nine 
knots but due to a power failure for four minutes, 
the potential dropped to —0.735 volt. Power was 
restored and the current was increased to nine am- 
peres and held for 21 minutes, The hull potential rose 
to —0.75 volt at the stern and —0.80 at the bow av- 
eraging to —0.775 volt. The current was increased 
once again—to 15 amperes; after 10 minutes, the bow 
potential rose to —0.80 volt. 
The average potential of —0.825 is plotted in Figure 8. 


0.85 and the stern to 


The current was then turned off and a speed of 
nine knots was maintained, In about 50 minutes, the 
hull potential dropped to an average of —0.685 volt. 
In order to depolarize the hull further, the current 
leads were reversed; the hull was made the anode 
and the trailing platinum rod the cathode. 

After a two minute reversed current shot at 15 
amperes, the leads were reconnected in the normal 
manner. The open circuit potential dropped to an 
average of —0.665 volt. No further depolarization 
was observed during the following six minutes where 
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Figure 9—Approximate current required to po- 
larize ship’s hull versus speed of ship when 
using a trailing platinum-clad anode. 


the speed of the ship was maintained at nine knots 
and no current applied. 

Current was applied again at 15 amperes. After 14 
minutes, the hull potential climbed to an average 
of —0.745 volt. The current was then raised to 19.5 
amperes and after an elapsed time of six minutes the 
hull potential reached an average of —0.785 volt. 
Slowing the vessel down to six knots made the po- 
tential climb to —0.845 volt at 19.5 amperes of im- 
pressed current. The current was reduced to about 
10 amperes and the average potential settled to —0.81 
volt in about six minutes. The speed was reduced to 
three knots and current maintained at 10 amperes. 
This caused the hull potentials to climb to —0.83 
volt within six minutes, 

An estimate of the average current requirements 
to maintain —.082 volt open circuit hull potential at 
various velocities is shown on Figure 9. 


Conclusions 


On a pre-polarized ship, the current required to 
maintain polarization at the speed of nine knots was 
a little more than twice the current required for the 
ship at rest. The current required to polarize the 
ship travelling at a speed of nine knots (unpolarized 
at rest) was three times the current required for 
polarization under stationary conditions. 

The trailing anode and trailing electrode operated 
satisfactorily at speeds up to nine knots with no 
whip or vibration. No visible damage occurred to 
the anode when operated at current outputs up to 
47 amperes. 


Summary and Conclusions 

The trailing platinum anode has demonstrated its 
ability to cathodically protect a small ship with com- 
parative simplicity in port and at sea. Uniform polar- 
ization of the hull was achieved with a current out- 
put of five amperes with the ship at rest and 12 
amperes when underway at nine knots, Platinum 
anodes remain clean in service and do not build up 
resistant films on their surface as evidenced by the 
linear relationship between current output and driv- 
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ing voltage. The ease of trailing the platinum anode 
under service conditions and its high current han- 
dling capacity make this type of system easily adapt 
able to larger ships, 


Discussion 


The trailing platinum-clad anode should find ap 
plication on naval and commercial ships. It may no’ 
be well suited for high-speed warships operating 
and maneuvering in convoy stations but it shoul 
lend itself to naval auxiliaries and merchantmen. 


The upper limit of current output for a trailing 
platinum-clad anode is dictated only by its dimen- 
sions and the driving voltage available. It is believed 
to be the least expensive and most versatile cathodic 
protection system known for an active ship and its 
installation and maintenance is relatively simple to 
achieve. 


The cost of a trailing anode cathodic protection 
system for a 100 ampere current capacity (capable 
of protecting an ocean-going cargo ship) should not 
exceed $1,000. The same capacity system using hull 
mounted anodes" will exceed this cost by at least a 
factor of 10. The expected life of the platinum-clad 
trailing anode, barring mechanical destruction should 
be greater than the service life of the ship. 


Future Plans 


Further tests are planned at sea with larger and 
faster ships to determine the anode’s effectiveness in 
polarizing greater hull areas and to determine the 
anode trailing characteristics at higher speeds. 
Should these tests prove successful, plans will be 
drawn up to have the anode trail from an access pipe 
fitted through the hull and be retrieved automatically. 
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Casing Corrosion in the Petroleum Industry* 


By JACK L. BATTLE* 


Introduction 

T THE END of 1954 there were 514,808 produc- 
A ing oil and gas wells within the United States. 
These wells produced 2,312,212,000 barrels of oil, or 
12.3 barrels per well per calendar day, during the 
year. Almost 60 percent of these wells were discov- 
ered more than 15 years ago, and about 50 percent 
were more than 20 years old.' Until recently little 
consideration was given to the possible failure of the 
production casing string. This seems rather strange 
considering that this thin-walled member, the pur- 
pose of which is to maintain the originally drilled 
hole for the productive life of the well, is the most 
important structural member of the well. 

At the original high production rates and the an- 
ticipated rapid depletion of the reservoirs in the 
early history of the oil industry, the engineer may 
have been justified in giving little consideration to 
corrosion failure of the casing. But with the advent 
of proration, application of more scientific produc- 
tion methods and increased emphasis on secondary 
recovery methods, all of which have been resorted 
to with the intent of prolonging the productive life 
and increasing the ultimate recovery from oil fields, 
failure by casing corrosion has become a problem of 
serious concern to the oil industry. 

A recent survey was conducted by NACE Sub- 
committee T-1H on Oil String Casing Corrosion in 
which 14 major company representatives participated. 
The survey indicated that in 30 fields (51,462 wells) 
in which these companies operated, a total of 235 
casing failures occurred during the three-year period 
1949-51. Repair of these 235 wells cost the operators 
$1,343,317. If the same failure frequency is assumed 
to have occurred among the nonparticipating com- 
panies in the fields covered, the number of failures 
may be estimated at 1,294 and the cost of repairs at 
7'> million dollars, This figure does not include the 
cost of loss of production or the possible loss result- 
ing from the premature abandonment of a well which 
could not be profitably redrilled at today’s drilling 
cost. Obviously, a solution to the problem of casing 
corrosion will have an important bearing on the cost 
of producing oil in the future. 


Causative Factors 
Failure of casing as a result of corrosion is not a 
matter of considerable surprise to the corrosion en- 
gineer. As a matter of fact, thoughtful consideration 
of the many environmental factors involved leads one 
to wonder how the casing could last as long as it 


% Submitted f publication December 14, 1955. A paper presented at 
the University of Oklahoma Corrosion Control Short Course, Nor- 
man, (klahoma April 5-7, 1955. 

* Humble il 


132t 


Refining Company, Houston, Texas 


Abstract 


The failure of production string casing as a result of 
corrosion in wells of the petroleum industry is 
rapidly becoming one of the most serious and per- 
plexing problems to confront the industry. With the 
period of flush production behind the industry in 
many areas and more pronounced emphasis being 
placed on prolonged production under secondary 
recovery methods, practical solutions to this problem 
are being sought. 

This paper points out those areas in which the 
problem of casing corrosion is most troublesome, and 
lists the generally accepted causes and means of 
preventing and repairing such failures. The more 
recently developed methods of investigation, such as 
the use of casing potential logs and current with- 
drawal-potential surveys, and the use of cathodic 
protection for preventing failures are discussed. 8.4.3 


does. In general, the failure of oil string casing usu- 
ally is attributed to one or more of the following 
causes : 
External Causes: 
1. Bacterial attack. 
2. Contact with formations of varying mineral 
and fluid content. 
3. Electrolysis caused by stray and subsurface 
electrical currents. 
4. Galvanic action caused by the presence of 
dissimilar metals in close proximity. 


ty 


. Metallurgical defects in casing. 


Internal Causes: 

1. Vapor space attack by acidic gases (hydro- 
gen sulfide and carbon dioxide). 

2. Fluid zone attack by acid waters, 

3. Corrosive gas-lift gas. 

4. Atmospheric oxygen intrusion, 

5. Unspent acid from acidizing operations. 

6. Erosion by sand and fluid. 

7. Mechanical damage in drilling and comple- 
tion. 


Table 1 gives the results of the NACE subcom- 
mittee’s survey. It shows aggressive fresh water, for- 
mation salt water, and acidic gases to have been the 
most frequent causes of failure in the 235 cases re- 
ported, with stray currents not far behind, More 
recent developments indicate bacterial attack is a far 
more significant causative factor than originally 
thought. Hadley? was among the early pioneers in 
recognizing the significance of microbiological cor- 
rosion, His works, as well as those of Starkey and 
Wight,*® Bastin et al,* and Beerstecher,’ provide a 
thorough discussion of the subject. 
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Figure 1—Casing potential survey of Well “Y”. 


TABLE 1—Report of National Association of Corrosion Engineers 
Committee T-1H on Oil String Casing Corrosion 


Reported Cause of Failure Number | Percent 











Stray current.... : a ee ekian 37 16 
\cidic fresh waters... fa ie et ‘ 83 35 
\cidic gases in vapor zone ns va Ses % 44 19 
Bacterial attack........... 6 teen oes 9 4 
Salt water (formation) a aes 46 20 
Unknown ere os see Lae ea 10 4 
Other. ... Dipole angina waist see ea 6 2 


Methods of Investigation 


In most cases the corrosion engineer is confronted 
with the necessity of analyzing the cause of casing 
failure without ever examining the failed member. 
Unless failure occurs at a rather shallow depth, re- 
covery of failed pipe for examination and study is 
usually impossible. Consequently, the corrosion en- 
gineer must rely on other means to evaluate the 
cause of failure and to base recommendations for 
remedial and preventive measures. He has at his dis- 
posal the following commonly used methods of in- 
vestigation: 

1. Chemical analysis of produced waters and cor- 
relation with waters from known sources. 

2. Chemical analysis of produced gases. 

3. Packer tests to locate depth of failure. 


4. Casing caliper surveys to determine depth and 
extent of internal corrosion. 


wn 


. Flow line current surveys to determine if sur- 
face currents are a contributing factor. 


Casing Potential Log 

More recently, additional methods of investigation 
have been suggested and have come into rather wide- 
spread use. Possibly the most important of these is 
the casing potential log. This is a log obtained by 
measuring the potential drop over definite lengths of 
casing to determine the direction and magnitude of 
current flow in the casing member. Ewing® was 
among the first to use and publish the results of an 
investigation using such a tool. 


Tools used for making casing potential logs may 
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Figure 2—Potential profile log of Well “X”. 


be either single or multiple contact, In running the 
log, the logging tool is run into the well to maximum 
logging depth on an insulated conductor cable. The 
tool is then stopped, the knife-blade contacts made 
to contact the casing, and potential measured. The 
measurement is made between the contact and the 
surface in the case of the single-electrode tool, and 
between two or more contacts at fixed distances 
apart (usually 10, 20, 25, or 50 feet) in the case of the 
multiple-contact tools. Obviously the potentials 
measured in the latter case are much smaller than 
those obtained in the case of the single electrode, and 
more sensitive instrumentation is required because 
the potentials measured are usually in microvolts. 
Using the measured resistivity calculated from the 
mass resistivity of steel, the magnitude of current 
flow can be calculated with reasonable accuracy. 


Advantages of Multiple-Contact Tool 
Advantages of the multiple-contact tool over the 
single-contact tool have been discussed by Ewing 
and Bayhi.® The most important advantages are: 
1. Each tool reading indicates the current in the 
measured interval only and is not superim- 
posed on the drop above the electrode. 
2. As the contacts are only 10 to 50 feet apart, 
thermal effects are negligible. 
3. The leads are parallel and similar in length, 
thus balancing out extraneous effects. 
The difficulty of penetrating dense, adherent water 
scales, corrosion products and paraffin deposits is 


common to both the single and multiple-contact in- 
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struments and may constitute a source of error. The 
multiple contact instrument has the disadvantage of 
requiring extremely sensitive potentiometers or vac- 
uum tube voltmeters. 

Figures 1 and 2 show logs obtained by single and 
multiple contact tools in wells in the East Texas 
and West Texas fields, respectively, Figure 1 pre- 
sents the log obtained by single-contact tool in a well 
in the Sand Hills Field of West Texas. It reveals 
anodic areas, as shown by the bar-graph, at 500 and 
600 feet, the former depth approximately coinciding 
with the depth at which the surface casing string 
was set, and at depths of 3,100 and 3,500 feet. Casing 
leaks developed at 3,119 and 3,314 feet some 14 years 
after completion of the well and were repaired by 
squeeze cementing. 

Figure 2 presents the log obtained by a multiple- 
contact tool in the East Texas Field. The base log 
indicates current flow of minor magnitude down the 
casing to the 2,500-foot maximum depth of the log 
with no anodic areas shown. Since the majority of 
the casing failures experienced in the field occur 
above 500 feet, such logs have been of minor aid in 
the study of the problem in this field except to aid in 
determining the current required to render the casing 
cathodic. Investigations designed to evaluate the 
anodic kick at the base of the surface pipe under con- 
ditions of current withdrawal have minimized the 
possibility of casing failure at this point. It is be- 
lieved that with proper care and interpretation, either 
type of log can be used to considerable advantage in 
interpreting subsurface currents. 


Current-Potential Curve 

Another method which, although first reported by 
sritton’? in 1931, has come into use recently as a 
means of determining the required current drainage 
rate for cathodic protection is the current-potential 
curve, The semi-log plotting of potential with respect 
to a reference electrode versus the impressed current 
on a corroding member shows a break in the curve 
at the impressed current rate required for protection. 

Figure 3 shows a typical potential-current curve 
obtained on a well in the East Texas Field. This 
technique uses the Pearson-Hadley null current cir- 
cuit and requires the use of a vacuum tube voltmeter 
for reliable application. By means of either of these 
methods, rectifier or magnesium anode installations 
for cathodic protection of casing may be designed by 
qualified engineers for permanent or long-life protec- 
tion. Thus, cathodic protection provides considerable 
promise as a possible means of eliminating external 
casing corrosion. Sudbury, Landers, and Shock,* 
however, as well as others, have called attention to 
possible dangers resulting from the transfer of im- 
pressed current from the oil string to the surface 
pipe. Such a transfer of current might cause acceler- 
ated corrosion of the oil string casing at that point. 
Recent examination of a string of 7-inch OD, 24- 
pound casing recovered from a well in the East 
Texas Field, from which had been withdrawn 10 


amperes for a period of some seven months, failed to 
indicate any damage to the oil string at the base of 
the surface pipe. 
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Preventive Measures 


Preventive measures most commonly practiced at 
the present time are as follows: 


1. The installation of insulating flanges at 
the wellhead. 


. Intermittent oil coverage. 


. The use of volatile or nonvolatile inhibi- 
tors where annulus seals by means of 
packers or fluid can be obtained. 


. The placement of highly alkaline muds at 
points of possible or known serious attack. 


. The application of cathodic protection, 


. The placement of gel-type materials of an 
inorganic or organic nature, 


. The use of protective coatings (or ce- 
ment). 


Insulating Flanges 

The installation of insulating flanges to isolate the 
wellhead and subsurface equipment from the flow 
line in order to eliminate surface stray currents has 
been very effective in many fields, Hammond and 
Ewing’ report a remarkable reduction in the number 
of failures at Loudon, while another operator reports 
a reduction in casing failure frequency of 75 and 60 
percent in the Talco and Tomball fields, respectively. 
This measure is less effective where soil resistivities 
are extremely low or where electrolysis is the result 
of subsurface currents. 


Protective Coatings 

The use of protective coatings has been given 
little consideration because of the obvious difficul- 
ties of application to pipe in place and the possibility 
of mechanical damage to the coating when installing 
new pipe. Evaluation would also present a difficult 
problem. Cementing of casing to the surface or up 
into the new larger string should be effective if com- 
plete coverage can be obtained. 


Highly Alkaline Drilling Fluids 

The placement of highly alkaline drilling fluids or 
gel-type materials has been reported in a number of 
fields. One operator has reported the pumping of 
highly alkaline “red” mud into the annulus of a 
number of wells in the East Texas Field. This meas- 
ure will be discussed further below, This presents 
problems involving: (1) possible collapse of casing 
since the condition of the casing is unknown, and (2) 
the movement of the displaced or injected fluid to the 
proper point. Another operator has reported labora- 
tory investigations to indicate that the organic gel- 
type materials commercially available at present pro- 
vide an excellent culture medium for bacterial growth. 


Inhibitors 

The setting of packers and the loading of the an- 
nulus with alkaline fresh-water muds or nonvolatile 
inhibitors in crude oil is one of the most widely prac- 
ticed measures to eliminate internal vapor or fluid- 
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zone attack from acid gases and waters, It is obvi- 
ously an effective and fairly positive solution to the 
internal corrosion problem as long as packers may 
remain in the well. The intermittent or continuous 
ubrication of such inhibitors into the annulus of 
oumping wells also is widely practiced and effective. 
fhe use of volatile inhibitors such as anhydrous 
mmonia in the annulus of wells having fluid seals 
shows promise although details of lubrication need 
o be worked out. 


‘athodic Protection 

The use of cathodic protection to control external 
ttack is receiving intense study by a number of 
:perators at the present time. One operator reports 
ts application using magnesium anodes to some 225 
vells in one field in the West Texas area. Several 
ther operators are experimenting with it in the East 
lexas Field, There is considerable question as to the 
naximum depth to which such measures are effec- 
ive inasmuch as the operator has little control over 
‘ariable formation resistivities. There is evidence to 
ndicate, however, that cathodic protection can be ob- 
ained to a depth of 6,500 feet, Either rectifier or 
ralvanic anodes may be used as the source of direct 
‘urrent. 

Repair Procedures 

Specific repair procedures will be discussed in con- 
1ection with areal problems; however, a brief expla- 
ation of these techniques is believed desirable. The 
most commonly practiced procedures are: 


1. The setting of a tubing packer. 


2. The setting of an inside liner. 
3. The placement of cement by squeezing. 
4. The cutting and removal of damaged casing 


and replacement by means of casing bowl as- 
sembly. 


5. The “backing off” of casing below point of 
failure and replacement by use of die-nipples. 


Tubing Packer 

The setting of a tubing packer below the point of 
leakage in the casing is the most economical method 
of correcting a casing failure. Unless complications 
arise, it normally can be accomplished for $1,000 per 
well or less; however, it is generally considered the 
least satisfactory method except for temporary repair. 
lhe point of failure is not sealed and corrosive fluids 
are admitted to the annulus to attack the tubing and 
packer element, which frequently leaks and admits 
the formation fluids to the producing well bore, 


Inside Liner 

The setting of an inside liner to total depth is 
practiced in certain areas where original casing size 
will permit. Unfortunately, 5'%4-inch casing was set 
in many wells as the production string, which obvi- 
usly did not anticipate the later setting of an inner 
string of practical size. The setting of 4%-inch flush 
joint liner in such casing is the smallest size available 
through which normal production operations as now 
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Figure 3—Current potential curve of Well “X”. 


TABLE 2—Areas in Which Casing Corrosion Occurred 


| 


= 
| Surface 
| 





AREA Attacked Causative Agent 
East Texas. External Corrosive fresh water and bacterial 
attack 
West Texas-New Mexico Internal | Vapor zone attack by acidic gases 
Magnolia, Arkansas Internal Vapor zone attack by acidic gases 
Western Kansas. External Contact with Dakota water sand 


California (Ventura) External Bacterial attack 


practiced may be conducted. The cost of running an 
inside liner varies, of course, with depth and avail- 
ability of steel but may cost anywhere from $5,000 
to $35,000. More recently the setting of partial liner 
strings has been practiced to seal leaks, but the cost 
of such operations frequently approaches the cost of 
setting a liner to total depth. 


Cement by Squeezing 

The cementing of a casing leak by squeeze meth- 
ods merely involves the placement of cement at the 
point of failure by a method which restricts its appli- 
cation to a certain portion of the formation. By the 
application of pressure, the cement is forced into the 
point of failure and into the formation, Thus, the 
failed portion of casing is surrounded by a sheath of 
cement. This is the most frequently used and suc- 
cessful method of repair and is usually accomplished 
at a cost of $3,500 to $7,500, depending upon the 
number of stages required to obtain a shut-off. 


Replacement by Means of Casing Bow 

The replacement of the damaged casing with new 
pipe using the casing bowl or patch tool assembly 
involves the setting of a plug below the point of fail- 
ure. It also involves the mechanical cutting of the 
casing below the point of damage, its recovery, and 
the rerunning of new pipe with the patch tool de- 
signed to locate and slip over the remaining portion 
of the casing in the hole, 

A seal between the new and old casing members is 
made by means of casing slip and pack-off element, 
which leaves the casing without internal obstruction 
for future production operations, This method is pre- 
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ferred by some operators, although it is slightly more 
expensive than squeeze cementing because there is a 
more positive repair obtained. This is the only 
method which permits recovery of the corroded cas- 
ing for visual examination, The cost of such a repair 
again varies with the depth of the leak but currently 
repairs are being made in the East Texas Field by 
several operators at cost of $3,750 to $4,300 exclusive 
of the pipe used. 


“Backing Off” 

A more recently developed method of repair which 
is receiving considerable attention in the East Texas 
Field involves the use of an inside casing slip tool. 
With this tool casing may be unscrewed or “backed 
off” below the point of failure and replaced with new 
casing run in with a modified die-nipple, if the depth 
of failure is not too great. This technique has shown 
considerable promise of reducing the cost of casing 
repairs within the East Texas Field to approximately 
$2,500 per well. 


Areal Problems 

Committee studies have indicated five general geo- 
graphic areas where casing corrosion is a matter of 
more than general concern. The areas are listed in 
Table 2. 

Each of these areas presents a problem serious in 
magnitude. The West Texas-New Mexico and the 
Magnolia, Arkansas, areas present very similar prob- 
lems involving sour crudes, while the other three 


areas present widely different characteristics, 


East Texas Area 

A recent survey in the East Texas Field showed 
that 80 percent of all casing failures on which the 
depths of failure were known to have occurred were 
above 400 feet and 62 percent between 200 and 325 
feet. The most serious corrosive attack occurred over 
an interval of 50 to 75 feet. There is some disagree- 
ment among the various operators as to the most 
significant causative factor. A corrosive fresh-water 
sand is known to exist, however, over the major por- 
tion of the field at a depth of 150 to 300 feet. This 
water contains approximately 100 parts per million 
total solids. It has relatively high iron and carbon 
dioxide contents, and possesses a pH value of 5 to 6 
immediately after being produced at the surface. 

A ferrous sulfide slime has been observed on the 
affected areas of casing, indicating the presence of 
bacterial action, Flowline current surveys and casing 
potential logs have not shown any significant surface 
or subsurface currents. In general, it is believed an 
attempt to fix a single causative factor would result 
in oversimplification. It is quite likely that all three 
factors are involved, but at this time bacterial action 
appears to be most significant. Repair has involved 
setting packers, squeeze cementing, cutting and pull- 
ing the casing and replacing it by the use of the 
casing bowl and the running of inside liners where 
casing size limitation permitted, 

On the assumption that the corrosion can be ar- 
rested by isolation of the casing from contact with 
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the corrosive fresh waters, one operator has placed 
highly alkaline mud behind the casing in five wells 
to a depth below the zone where the leaks normally 
occur. This also should prevent bacterial attack. To 
evaluate the effectiveness of this method of control, 
the wells were selected in areas where numerous 
casing leaks had occurred. Two of the wells have 
now been abandoned and the casing recovered and 
inspected. A slight increase in the normal pH of the 
adhering mud was observed but the highly alkaline 
mud had apparently migrated into the formation and 
had not stopped bacterial activity on the pipe. The 
principal operational problem observed in the place 
ment of mud in the wells has been difficulty experi- 
enced in pumping the mud to a sufficient depth to 
provide protection from corrosion throughout the 
interval susceptible to casing leaks. A small rotary 
pump capable of pumping against a head of 150 
pounds per square inch was used to pump the mud 
behind the casing, displacing the existing well fluids 
to the formation, In those instances in which this 
pressure was insufficient to pump the mud behind 
the casing, a tubing packer was set in the well and a 
balance pressure applied to prevent collapse of the 
casing as the mud was placed with a reciprocating 
pump. While sufficient pressure was obtained in this 
manner, loss of mud to shallow formations has pre- 
vented the mud from reaching the desired depth on 
two jobs. It is estimated that the placement of the 
highly alkaline mud behind the casing could be ac- 
complished at a cost of $200 per well. The procedure 
which has been used on the five jobs performed to 
date has included the tracing of the mud with a 
radioactive tracer and gamma ray logging instrument 
as it is pumped behind the casing, Consequently, the 
cost of these experimental jobs has been approxi- 
mately $700 per well. 

Cathodic protection is receiving serious considera- 
tion by a number of operators in the area as a possi- 
ble preventive measure. Initial installations are now 
being made and will be watched with interest. 


West Texas-New Mexico Area 

Casing failures have become so widespread in the 
West Texas-New Mexico areas in recent years that 
both the production operator and state regulatory 
bodies have become quite concerned. Investigations 
disclosed that casing failures were widespread in the 
Adair, Block 31, Hobbs, Levelland, Means, Seminole, 
Slaughter, and Wasson fields. The production of 
many of the wells in these fields is limited by ca- 
pacity, so that any downtime results in loss of oil. 
One company estimated, on the basis of repair and 
workover experience, that in excess of $5,000,000 
would be spent on their wells alone if no preventive 
measures were adopted, 

Cooperative study by the producing companies has 
eliminated galvanic action as the major cause of 
failure. Correlation of external pit depth versus cas- 
ing potential logs has indicated excellent agreement 
in that most subsurface currents were shown to leave 
the casing immediately below the surface string set- 
ting but very few cases of complete perforation in 
that area have been reported. In fact, the majority 





Februa 


of casi 
little « 
Wit 
iréa, | 
served 
ittack 
5 tho 
f mo 
vater 
lioxid 
lensec 
yas ¢ 
innule 
ng to 
sion d 
as bi 
or spt 
esult. 
The 

it the 
vacker 
‘ree ¢ 
1ibito! 
shows 
such a 
nulus 
One 
vapor 
batch 
and in 
ting-ty 
in pur 
advant 
and th 
mining 
of thi: 
record 
Rep 
metho 
tic, (2 
pipe, c 
of casi 
to the 
The 
proced 
pipe, a 
tion oO: 
casing 
were O 
The 
of the 
throug 
mian | 
were rf 
tions o 
and oil 
remain 
and cx 
much © 
in the 
in com 
misalig 
tubing 


ed 
Ils 
lly 
To 
ol, 
us 


nd 


ng 
nis 


February, 1957 


of casing strings which have been pulled have shown 
little evidence of external attack. 

With the possible exception of one field in the 
irea, no evidence of bacterial attack has been ob- 
erved, Casing caliper surveys and visual inspection 
f pipe recovered have demonstrated that the major 
ittack is confined to the vapor space of the wells. It 
s thought that corrosion results from condensation 
if moisture on the cool wall of the casing opposite 
vater sands in the presence of the acidic gases, carbon 
lioxide and hydrogen sulfide. The acidity of the con- 
lensed water is believed to be a function of the acid 
ras concentrations and the total pressure in the 
nnular space. Several major operators are attempt- 
ng to correlate acid gas pressure history and corro- 
ion damage in wells in this area. Preliminary work 
ias been encouraging and possibly a suitable basis 
or specification of corrosion preventive program may 
esult. 

The most widely accepted program of prevention 
it the present time involves the setting of tubing 
vaackers and the loading of the annulus with water- 
ree crude oil containing one or two gallons of in- 
uibitor per 100 barrels of oil. A second method which 
shows promise is the lubrication of volatile inhibitors 
such as anhydrous or aqueous ammonia into the an- 
nulus of those wells in which there is a fluid seal. 

One operator has reported the presence of ammonia 
vapor in the annular space up to nine months after a 
batch lubrication of the chemical. The continuous 
und intermittent lubrication of absorptive- and wet- 
ting-type inhibitors is practiced by some operators 


in pumping and gas-lift wells. This method has the 
advantage of providing protection to both the casing 
and the tubing, but there is no ready means of deter- 
mining the degree of protection obtained through use 
of this or the volatile inhibitor other than failure 
records, a slow and time-consuming method. 


Repair of failures is accomplished by one of three 
methods: (1) squeezing the leak with cement or plas- 
tic, (2) setting an inner string of smaller diameter 
pipe, or (3) cutting and pulling the corroded section 
of casing and rerunning a new section and attaching 
to the old string by means of a casing bowl or patch. 

The first method is the most generally practiced 
procedure although, due to the poor condition of the 
pipe, additional holes may be created by the applica- 
tion of pressure. The setting of an inside string of 
casing is often impossible in many wells because they 
were originally cased with 5'%-inch pipe. 

The third method is somewhat hazardous because 
of the original abnormal well bore enlargement 
through the thick salt section prevalent in the Per- 
mian Basin area. In many instances no allowances 
were made for this enlargement in original calcula- 
tions of cement requirements for setting intermediate 
and oil strings; consequently, many of these strings 
remain in place under varying degrees of tension 
and compression with horizontal support through 
much of the salt section. Casing failures occurring 
in the enlarged bore through this section, resulting 
in complete severance of the casing, may result in 
misalignment of the free end of the pipe when the 
tubing is pulled. In this event, abandonment of the 
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well or redrilling, if economics permits, is indicated. 
Normally, however, repair is accomplished by the 
setting of inner strings and cementing to the surface. 
The average cost of setting a packer in wells in 
the area is $1,000, while cost of repair of a casing 
failure averages $25,000 unless complications arise. 


Magnolia, Arkansas Area 
Casing failures in the Magnolia, Arkansas, sour 
crude area are very similar to those in the West 
Texas-New Mexico area and have been thoroughly 
discussed by Bailev and Crowell.”® ; 


Western Kansas Area 

In the Kansas and Illinois area, casing failures 
have been abnormally high under two particular 
conditions, Numerous failures have occurred, as in 
the West Texas-New Mexico area, from internal 
attack of acid gas in the vapor zone in the Bemis- 
Shutts and Iuki-Carmi fields of Kansas, An even 
greater number of failures have occurred at rather 
shallow depths as a result of external attack of casing 
by aggressive waters in the Dakota sand section in 
the Trapp, Dorr, Kreuger, and Morel fields. These 
failures are usually repaired by squeezing cement at 
an average cost of $3,000. Cathodic protection is 
being applied by many operators in the area. 


California Area 

Doig and Wachter" have fully described failures 
in the Ventura Field, California. After extensive in- 
vestigation and elimination of other causative factors, 
they attributed failure to bacterial corrosion. Cer- 
tain species of bacteria, presumably of the sulfate- 
reducing variety, have been isolated in the corrosion 
products in contact with the casing. Since highly 
alkaline environments are known to stifle bacterial 
activity, the use of highly alkaline muds in the drill- 
ing of all new wells was adopted as standard practice 
to prevent future failures, This, however, does not 
provide a solution to the prevention of bacterial cor- 
rosion in existing wells. 


Other Areas 

One operator recently has reported an abnormal 
number of casing failures in the Colorado Field of 
Jim Hogg County, in the lower Texas-Gulf Coast 
area. This is a development which is believed to add 
additional significance to the importance of micro- 
biological corrosion. This field was discovered in 
1939 and produces from the Cockfield sand at a depth 
of approximately 3,200 feet, It is a solution gas-drive 
sand and produces a sweet crude of 46 degrees API 
gravity with little or no salt water. This particular 
company operates 118 pumping wells in the field and 
a pilot water flood project has been initiated in the 
southern portion of the field. 

To date, nine casing failures have occurred at 
depths of 1,450 to 1,550 feet. Flow line current sur- 
veys and casing potential logs have ruled out the 
possibility of surface or subsurface currents, 

On recent abandonment of one of the wells, an 
attempt was made to recover the casing to a depth 
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of 1,600 feet for examination. Unfortunately only 
1,128 feet (28 joints) was recovered, the top 1,050 
feet of which was pulled dry. The casing was in 
essentially new condition internally, Externally, ex- 
cept for the first four joints, it was covered with an 
almost dry %-inch thick cake of greenish-black slime 
in which ferrous sulfide was present; the presence of 
sulfate-reducing bacteria was confirmed by labora- 
tory examination. Removal of the slime revealed 
corrosion damage characteristic of that resulting 
from sulfate-reducing bacteria. 


Suggested Procedures to Prevent Failures 


Casing corrosion must be examined from the 
standpoint of well control and safety with due con- 
sideration for the economics involved, Every effort 
should be made to detect casing leaks early in the 
life of a field and corrective or preventive measures 
adopted before existing metal is lost, For the benefit 
of the practicing corrosion engineer who is con- 
fronted with the problem of casing corrosion, the 
following suggestions are offered. 


1. Evaluate the corrosive characteristics of a 
new field in the early life of the field in 
order that suitable mud and cementing 
programs, from a corrosion standpoint, 
can be adopted. 


. Install insulating flanges in the flow lines 
of all new wells completed as producers 
unless previous surveys in that field have 
indicated such flanges are unnecessary. 


. Install insulating flanges in all wells in old 
fields in which flow line current surveys 
and the remaining reserves of the field in- 
dicate such action would be economical. 


.If casing recovery is obtained in areas 
where corrosion failures of casing have 
occurred, have a qualified corrosion engi- 
neer present to examine the casing at the 
well site immediately following its re- 
covery from the well bore. 


. Make full use of volatile and nonvolatile 
inhibitors in wells known to be corrosive. 


. Examine all recovered subsurface equip- 
ment thoroughly for corrosion and main- 
tain complete description and cost data on 
damaged equipment, 


7. Eliminate the use of perforated tubing 
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couplings, and orifice buttons as a means 
of production in every instance possible. 
Consideration should be given to the in- 
corporation of reverse check valves in all 
gas-lift valves. 


Conclusions 


The seriousness of the problem of corrosion of 
production string casing in oil and gas wells has only 
recently been recognized. The causes of corrosion 
failure can be recognized in most cases by a thorough 
study of the environmental factors, Adequate “tools’ 
are available for studying the casing corrosion prob- 
lem except for the lack of a proven device for deter- 
mining the condition of the outside of the casing in 
place. Certain corrosion preventive measures appar- 
ently have minimized losses in many fields. These 
measures include appropriately planned mud and 
cementing programs, the use of inhibitors for pro- 
tecting the inside of casing, and the use of insulating 
flanges to minimize the flow of surface electric cur- 
rents. Obviously, much work remains to be done in 
the application of cathodic protection and the place- 
ment of highly alkaline fluids as preventive measures. 
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Measurement of the Instantaneous Corrosion Rate 


By Means of Polarization Data* 


By R. V. SKOLD* and T. E. LARSON** 


Introduction 

HERE HAS BEEN considerable attention 

focused lately upon the need for reducing the 
legree of corrosion taking place in water distribution 
ines, The annual expenditures for power costs, ne- 
‘essitated by loss in carrying capacity, as well as 
or cleaning and replacement as a result of tubercu- 
ation within the lines is on occasion exorbitant, In 
order to decrease the corrosion of pipe lines, the 
‘undamental corrosion factors are being studied, the 
water characteristics are being investigated and in- 
1ibitors are being evaluated so that corrective meas- 
ires may be taken. 

One of the initial objectives’ of this study was to 
determine an adequate measure at a particular time 
of the corrosion rate in “fresh water” mineralization 
which would be applicable both as a laboratory and 
field measurement. For this purpose, preliminary 
studies were made on changes in specimen potentials 
resulting during corrosion (potential-time studies), 
and changes on specimen potentials caused by exter- 
nally applied current (polarization studies). 


Apparatus and Testing Equipment 

The apparatus used in these studies was the same 
as that described by other investigators.”* This ap- 
paratus supplied a constant velocity-total immersion 
testing of the specimens. The specimens tested were 
principally 114 x3 inch sections of 0.01 inch “black 
plate” steel free from mill scale. Machined cast iron 
specimens also were tested. All specimens had holes 
drilled near the top edge to facilitate connection of 
an electrical test lead, 

Cleaning of the specimens prior to use involved 
the following procedure: 


Degreasing in carbon tetrachloride 


Preliminary acid cleaning in a 5 percent solu- 
tion of HCl and HNO; for two minutes 


. Acid cleaning in concentrated HCl for one 
minute 


. Neutralizing in 1-N Na.CO, solution for one- 
half minute 


Rinsing in distilled water for one minute 


. Rinsing in acetone. 


The specimens were then dried and stored in a 
vacuum dessicator for a minimum of 48 hours. Imme- 
diately prior to use, the specimens were attached to 
the electrical test leads which also served as speci- 
men holders, and the electrical contacts and the 


* Submitted for publication January 3, 1956. 
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Abstract 


The use of polarization data in the measurement of 
instantaneous corrosion rates is described. Steel and 
cast iron specimens were tested in 3000 ohm-cm 
waters; potentials were measured by a multicom- 
bination meter. 

Potential-time studies were made on all specimens 
in order to determine any relationship which such 
studies might have to the corrosion rate. It was 
found that a limited empirical quantitative relation- 
ship exists between the polarization slope, AE/AI, 
at low current density and the corrosion rate as 
measured by weight loss. Such a relationship will 
permit a rapid empirical determination of the corro- 
sion rates of metal specimens while they are im- 
mersed in a fresh-water environment. 

The effect of pH on the corrosion rate of mild 
steel is considered briefly. 2.3.5 


edges of the specimens were coated with paraffin 
wax. The velocity of motion furnished by the appa- 
ratus was 0.085 and 0.14 foot per second. All tests 
were conducted at room temperature. 

The total dissolved solids content and quality of 
the waters were varied over a considerable range but 
essentially most of those studied were with waters 
similar in anion content and in total dissolved solids 
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Figure 1—Empirical relation between initial slope of polarization curve 
(resistance) and corrosion rate determined by weight loss. 
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Figure 2—Corrosion rate variation with time for 
Run 54-4, 


to Great Lakes water. The usual specific resistance 
of the water was about 3,000 ohm-cm, The salts con- 
sisted primarily of NaHCO; and NaCl. The pH of 
the solutions were usually 7.0 and 8.0, maintained by 
carbon dioxide. In one study the pH was varied from 
6.0 to 8.5, Constant dissolved oxygen was maintained 
by continuous diffusion with air. Each jar with three 
metal specimens in each was maintained at 18 liters 
of solution by a constant level apparatus. 

Potentials were measured by a multicombination 
meter (W. C, Miller, Model B-3). Applied current 
was measured by the ammeter portion of a Weston 
Circuit Tester Model No. 785 having ranges of 0-50 
microamps, and 0-1 milliamp. Current was supplied 
by a Type C dry cell battery, and was regulated by 
a variable resistance in the external circuit. 
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A saturated calomel reference electrode for meas- 
uring the potentials was fastened to the side of the 
test jars approximately three to six inches from the 
specimens. A double-faced platinum electrode was 
used for application of current to the specimen. This 
electrode was fastened by a clip to the specimen 
holder so that each face of the platinum electrode 
was approximately one-half inch away from the 
surface of the specimen. 


Preliminary Electrical Measurements 


The potential-time studies confirmed observations 
by others* that a particular specimen potential was 
not related in any way to the corrosion rate. 

Complete polarization studies were made in order 
to calculate corrosion rates from the initial “breaks” 
in the polarization curves according to the work of 
Pearson,’ Schwerdtfeger and McDorman® and others. 
This type of study was abandoned for several rea- 
sons: (1) the “breaks” in the polarization curves 
were not sharp enough to allow sufficient accuracy 
in the calculation of corrosion rates, (2) the collec- 
tion of data was very time consuming, and (3) the 
applied current, especially in high amounts, often 
increased the subsequent rate of corrosion, 


Polarization At Low Applied Current 

One characteristic of the polarization studies was 
that polarization potential appeared to be a straight 
line function of the applied cathodic and anodic cur- 
rents at low current density. It had been noted that 
the slope of this line, AE/AI, was higher for a speci- 
men having a low corrosion rate than for one having 
a high corrosion rate. Simmons’ corroborated this 
observation in a study on evaluation of inhibitors. 
His experiments indicated that there may be a 
quantitative relationship between the AE/AI slope 
and the weight loss tests, 

Such a measure of the corrosion rate was desir- 
able, since it would require only small amounts of 
applied current and would therefore probably not 
affect the local celi polarization equilibrium and 
could be determined in a relatively short period of 
time. 


Results of the AE/AI Slope Determination 


To establish the anticipated relationship between 
AFE/AI and the corrosion rate calculated from weight 
loss data, several measures of AE/AI were made on 
each specimen, each day that it was exposed to the 
corrosion environment. To place each determination 
on an equivalent basis, the AE/AI was converted to 
AE/c.d. (the change in potential per unit applied cur- 
rent density). In order to relate the weight loss corro- 
sion rate to AE/c.d. (volts/ma/dm?), a time average 
value of AE/c.d. was calculated. This resulted in an 
apparent logarithmic relation as shown in Figure 1. 

Using this relationship, values were then obtained 
for the instantaneous corrosion rates. These in- 
stantaneous corrosion rates were then time-averaged 
to calculate an average corrosion rate for the period 
from which a value of AE/c.d. was obtained from the 
line in Figure 1. These corrected average values of 
AE/c.d. were then plotted against the weight loss 
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Figure 3—Corrosion rate variation with time 
for Run 54-2. 


corrosion rate, The points shown in Figure 1 relate 
to all such values as determined to date. 

Figures 2-4 show actual tests on the instantaneous 
corrosion rate (mdd) versus the time exposed. 

Figure 2 shows the typical results of specimens 
that have an initial resistance to corrosion that 
eventually breaks down with time of exposure to 
allow high rates of corrosion, The corrosion rate 
usually increased very sharply at the breakdown of 
the initial resistance to corrosion. 

Figure 3 shows the instantaneous corrosion rates 
of specimens in a less aggressive environment. All 
three specimens indicate continually changing corro- 
sion systems. Specimen G shows a greater variability 
with sharp increases and decreases in the corrosion 
rate. 


Figure 4 shows the results with three machined 
cast iron specimens. With these specimens and with 
steel specimens in some environments there was 
little initial resistance to corrosion and the corrosion 
rate was high immediately. 

That the corrosign rate is not a smoothly changing 
function for a particular specimen is indicated by 
the rather sharp increases and decreases in the cor- 
rosion rates, Since this occurs, a continuous measure- 
ment of the instantaneous corrosion rate would be 
required in order to determine a more exacting rela- 
tionship between the instantaneous rate as measured 
by the slope of AE/c.d. and the rate as measured by 
weight loss. The intermittant measurements of 
AE/c.d. which were made therefore did not include 
many other variations in the corrosion rates between 
measurements, This in part accounts for the devia- 
tions from the line shown in Figure 1. The results 
tend to deviate by an average error of about 20 
percent. 

Another primary source of error results from the 
specific resistances of the various solutions. These 
do not significantly affect AE/AI for specimens hav- 
ing low corrosion rates since the local cell resistances 








Figure 4—Corrosion rate variation with time 
for Run 50-2. 














Figure 5—Effect of pH on corrosion rate. 


are large in comparison to the solution resistances. 
However, when the local cell resistances are very 
low as would be the case with a specimen having a 
high corrosion rate, the effect of the solution resist- 
ance may be a significant portion of the AE/AI read- 
ings. This is demonstrated in Figure 1 by the points 
outlined in the dashed-lined sections which represent 
specimens immersed in solutions of lower resistance 
(350-850 ohm-cm). The fact that most of the solu- 
tions under test have similar ionic strength, 3000 
ohm-cm, reduces much of the possible deviation. If 
greater accuracy were required the effect of solution 
resistance could possibly be determined. The ac- 
curacy at lower corrosion rates is limited by instru- 
ment sensitivity. 


The potential lag behind the application of current 
was another possible source of error. To avoid this, 
the potential was considered stable after the poten- 
tial reading had been constant for two minutes. The 
time for the potential to reach a steady state after 
each increment of applied current, varied from a few 
seconds for specimens with high corrosion rates to 
about 15 minutes for specimens with very low corro- 
sion rates, 


Application of the AE/AI Determination of 
Corrosion Rates 


Effect of pH on the Corrosion Rate of Mild Steel 


Using the AE/AI determination, the effect of pH 
on the corrosion rate of mild steel was studied at 
room temperature in aerated water containing 2.5 
epm NaHCO, and 0.5 epm NaCl. The pH (6.0 to 8.5) 
was controlled by the continuous addition of COs. 
Measurements of AE/AI were made each day to 
follow the course of the corrosion process. Figure 5 
shows the results of this study, the calculated corro- 
sion rate being plotted against pH with a series of 
curves for 2, 4, 8, 12 and 16 days of immersion at 
0.14 foot per second, With the passage of time a 
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maximum corrosion rate appears to be established at 
a pH of 8.0. However, since the corrosion rates of 
the steel specimens are still increasing at pH values 
of 7.5 and 8.5, the maximum corrosion rate could be 
somewhere between these pH values and not neces- 
sarily at pH 8.0. 

Luce and Fontana® indicated a similar peak of 
corrosion rate at pH 8.0 in their study of the effect 
of pH on erosion-corrosion of mild steel in “distilled 
water” using circular rotating discs at high velocity. 
The reluctance of the specimens at pH 8.5 to start 
corroding indicates that at higher pH values there 
may be little corrosion. There appears to be a tendency 
for the corrosion rate at pH above 8.5 to approach a 
minimum. 

The rates at pH 6.5 and 7.0 are fairly constant. 
At a pH of 6.0, the corrosion rate reached a peak 
value of 16.8 mdd after 4 days, but decreased to 7.3 
mdd at 16 days. 

The average corrosion rates as determined by 
weight loss for the 17.2 days of immersion were: 
pH 6.0—10.0 mdd; pH 6.5—5.0 mdd; pH 7.0—2.6 
mdd; pH 7.5—11.9 mdd; pH 80—49.9 mdd; pH 
85—34.1 mdd. 

In review of these data, the quality of water must 
be stressed. Considering the chloride-bicarbonate 
ratio, these results are in agreement with previous 
studies''* which also show that higher chioride- 
bicarbonate ratios result in higher corrosion rates at 
pH 7, At lower chloride-bicarbonate ratios, equal or 
lower rates might be expected at pH 8 and 8.5, Thus 
the relation of pH to corrosion rate depends on the 
mineral composition of the environment. 


Summary 
\ limited empirical quantitative relationship has 
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been shown to exist between the polarization slope 
AE/AI, at low current density and the corrosion rate 
as measured by weight loss. Such a relationship per 
mits a rapid empirical determination of the corrosiotr 
rates and changes in the corrosion rates of meta! 
specimens while they are immersed in a “fresh water” 
environment. The measurement of AE/AI is an im 
portant aid in the study of the effect of changes i 
the corrosion environment, such as in the evaluatior 
of the effectiveness of inhibitors. 
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Lead Cable Sheath Corrosion 
Under Cathodic Protection Conditions* 


By WALTER H. BRUCKNER and RAY M. WAINWRIGHT 


Introduction 


'MMHE QUESTION of whether or not lead surfaces 
can corrode under cathodic conditions has re- 
eived considerable attention in recent years. Al- 
hough the use of bare lead as a final covering for 
nderground electric power and communication 
ibles may be giving way in favor of some kind of 
rganic coating, there are still hundreds of millions 
f dollars invested in bare lead-sheathed cable now 
n service. In addition millions more are being spent 
ach year for bare lead-sheathed cable replacements 
nd additions, It is a recognized fact that lead does 
orrode when in soil or sea water environments, and 
t would be highly desirable in most instances if this 
orrosion could be eliminated by the normal cathodic 
‘rotection techniques. For this reason any tendency 
f lead to corrode as a cathode is of major interest 
(o corrosion control engineers. 


In 1945 Halperin’ summarized the field experiences 
and suggested that lead surfaces of cables did cor- 
rode under cathodic conditions, but only when sodium 
(or other) salts such as NaCl were present in the 
environment in significant amounts. Such salts, of 
course, were present in many instances in the winter 
when street de-icing was undertaken, Halperin the- 
orized that the alkaline environment near the ca- 
thodic lead surface was caused by a build up of 
NaOH, and that the lead surface corroded by “sodium 
corrosion” under cathodic conditions, the weight loss 
taking place from conversion of the lead to the bi- 
plumbite through excess hydroxyl ions. Others hold- 
ing similar views were Burns,’ Hiers* and Mears 
and Brown.* Some theoretical work on possible reac- 
tions was done by Van Rysselberghe and others® in 
1948, and various other physical chemists have done 
work on theoretical phases of the reaction problems 
since that time. 

The later opinions of many physical chemists con- 
tlieted with the “sodium hydroxide” theories, and in 
1953 Salzberg® tried to show that a lead hydride was 
formed at the lead surface. He also listed certain 
other possibilities but ruled them out for various 
reasons. In the same year Hall and Wainwright’ re- 
ported on a series of experiments, one of which was 
designed to check Salzberg’s results. However, no 
igreement was reached in the tests. In fact no 
aboratory test at that time could be devised which 

ould reproduce in any way the typical corrosion pat- 
ern which was found in the field*® and alleged to be 
* Submitted for publication January 26, 1956. A paper presented at the 


Twelfth Annual Conference, National Association of Corrosion Engi- 
neers, New York, N. Y., March 12-16, 1956. 
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Abstract 


tests were conducted to determine 
whether or not corrosion of lead cable sheath can 
occur under cathodic protection conditions. Some of 
the runs were made in cells containing the aqueous 
solutions of chlorides or chlorides and alkali while 


Laboratory 


other tests were made with the lead cable sheaths in 
contact with soil saturated with the various 
tions. The results from all of these tests indicated 
that no corrosion of the cable sheath occurred in 
any of these environments so long as the cathode 
was receiving protective current. It was found, how- 
ever, that corrosion and pitting of lead cable sheath 
could occur when the protective current was inter- 
rupted. It was determined that the cathode products 
of previous cathodic protection constitute an environ- 
ment for potentially serious corrosion at any time 


solu- 


that the protective current ceases to flow to any 
the lead cable sheath. 52.1 
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Figure 1—Cathodic Protection Laboratory in 
the Electrical Engineering Research Laboratory, 
University of Illinois. View shows power panel 


on the left and L and N six-point recorder on 
the right. 





Figure 2—View shows cathodic protection cells 
with connection to current supply and potential 
measuring posts along one edge of the sup- 
porting table. At the left side are the back of 
L and N recording potentiometer and the cur- 
rent supply panel, Mercury-calomel half cells 
are shown on ring stands above the electrolytic 
cells, 


the result of a combination of cathodic protection and 
de-icing salt conditions. 

In 1955 Van Muylder and Pourbaix'’® working in 
3elgium obtained some conversion of lead to a col- 
loidal state under intense cathodic protection condi- 
tions (from 30,000 to 200,000 ma/square foot) and 
with extremely high purity lead and precisely con- 
trolled solutions. That same year Markovic" claimed 
to have confirmed some of Salzberg’s hydride the- 
ories, except that he found that the hydride formed 
remained on the surface, contrary to Salzberg’s 
results. 

In 1953 the Cathodic Protection Laboratory at the 
University of Illinois undertook to reproduce the 
corrosion pattern which was obtained on lead cables 
in the field, said to be under cathodic protection and 
in de-icing salt environments, The following discus- 
sion describes the facilities of the Cathodic Protec- 
tion Laboratory at the University of Illinois, the 
tests conducted on lead cables under cathodic protec- 
tion, and some preliminary conclusions concerning 
tests run to date. 


Facilities 
The Cathodic Protection Laboratory (referred to 
hereafter as CPL) at the University of Illionis is a 
co-operative venture started in 1950 by the Electrical 
Engineering Research Laboratory, in co-operation 
with the Engineering Experiment Station, the De- 
partment of Mining and Metallurgy, the Chemistry 
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Department, and the Commonwealth Edison Com. 
pany. Funds have come mainly from the Engineering 
Experiment Station, the Electrical Engineering Re- 
search Laboratory, the Commonwealth Edison Com- 
pany, and the Northern Illinois Gas Company, 


The facilities of the CPL include a special low- 
ripple, well-regulated, electronic power supply of 500 
volts DC, 200 milliamperes capacity, feeding into 15 
constant current sub-networks of the following rat- 
ings: three at 25 ma, five at 10 ma, five at either 5 
ma or 1 ma, one at 200 microamperes, and one at 50 
microamperes, Voltage outputs of the sub-networks 
were functions of the type of cell being tested and 
were independent of the currents. Each sub-network 
would feed at most three electrolytic cells in series. 
All wiring of potential measurement circuits was of 
20,000 volts insulation to minimize leakage errors, 
and all other wiring was of 5,000 volts insulation 
rating. 

The laboratory is presently operating a total of 18 
separate cells in which cathodic protection may be 
applied to a system under observation. Probe volt- 
age measurements of the cathodes or anodes may be 
continuously recorded on a L and N recording po- 
tentiometer for a maximum of six cells at one time. 


At the left side of Figure 1 can be seen the power 
panel which contains the sub-networks with meters 
and the series of plugs and jacks required for cell 
circuit connections, On the right side of Figure 1 is 
shown the L and N six-point recorder and the wiring 
system required for recording selected cell potentials. 
Since the picture was taken, a panel has been added 
underneath the recorder from which “bucking” po- 
tentials are made available to permit recording a 
large range of cell potentials within the same scale 
range on the recorder. The recording potentiometer 
has an input impedance of 80 megohms, and a 400 
mv scale, extendable to 2.4 volts by 200 mv steps. 

Figure 2 shows a series of the cathodic protection 
cells connected to the current supply with potential 
measuring posts arranged along one edge of the sup- 
porting table, The back of the current supply panel 
and of the L and N recording potentiometer may be 
seen at the left side of Figure 2. Above the cells may 
be seen the mercury-calomel half-cells used with 
saturated KCl solution. The half-cells are connected 
to the potential measuring probes through vinyl tub- 
ing filled with saturated KCl solution, The pyrex 
glass potential probes are of special design, Pointelli- 
type, and have a 1 square millimeter opening, which 
is offset 1444-inch from the cathode surface when the 
probe tip makes contact with the electrode whose 
potential is to be probed. The glass portion of the 
probe and part of the vinyl tubing connection to the 
half-cell are filled with a warm saturated KCI solu- 
tion to which about 3 percent of agar has been added. 
When this solution has been cooled to room tempera- 
ture, it forms a gel which minimizes mutual contami- 
nation by diffusion of the probe content and the 
cathodic protection cell electrolyte. 

In addition the laboratory is equipped with an 
analytical balance, pH measuring equipment, con- 
ductivity measuring equipment, vacuum apparatus, 
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low-temperature cabinet, and other normal labora- 
tory equipment, Spectrographic analysis and x-ray 
diffraction equipment, photo-micrographic equip- 
ment, and other specialized apparatus are used from 
time to time from the departments of Chemistry and 
Metallurgy. 


Testing Procedure 


The testing procedure consisted in general of set- 
ing up laboratory type electrolytic cells in which 
the specimen of lead-sheathed cable could be placed 
ind subjected to controlled environments with con- 
stant current densities on the surface of the lead, all 
necessary measurements being provided for. The 
cable specimens were of 7%-inch OD single-conductor 
feeder cable, and 1%-inch OD three-conductor feeder 
cable, as supplied from stock by the Commonwealth 
Edison Company. 

The cells in which the lead cable sheath specimens 
were placed under cathodic protection consisted of 
9-inch OD pyrex jars, 12 inches high, which were 
each provided with nine flat, 3-inch x 11%-inch x 
Yg-inch anodes of graphite. The anodes were ar- 
ranged concentrically with the cathode, and the latter 
was placed at the center of the cell. For several runs, 
flat Duriron anodes were employed in the same man- 
ner as were the graphite anodes. 

A lucite cover was provided for each of the 18 
cells which served to lessen losses of cell electrolyte 
by evaporation and also served to hold a circular 
brass bus bar to which the anodes are fastened. The 
lead cathodes placed in the cells were arranged to 
project through a central hole in the lucite cover. 
Current leads were soldered directly to the end of 
the lead sheath projecting out of the lucite cover. 


The area of the cathodes in contact with the elec- 
trolyte was restricted by covering the entire cathode, 
except for a circumferential strip of the desired width. 
A highly effective covering was obtained by using 
a single, spiral wrapping of “Scotchrap” polyvinyl 
pipe insulation tape. 

Some of the cells were operated with soil solution 
extract to which chlorides were added, either singly 
or as a mixture. The chlorides used were K, Na, Ca 
and Mg. Other cells were operated with soil in con- 
tact with both electrodes, the soil being saturated 
with the desired chloride solutions. Still other cells 
were operated with KOH-KCI or NaOQH-NaCl solu- 
tions with high pH values between 12 and 13, Table 
1 gives the specific conditions of each test and the 
results therefrom. 


The present testing procedure used may be de- 
scribed as one which evolved from the results of 
more than one year of previous testing. Specifically, 
the results of numerous past tests of lead cable 
sheath as cathode material under a variety of condi- 
tions indicated without a doubt that corrosion did 
not occur when the sheath was receiving protective 
current. But inasmuch as service experience has 
shown that failure by corrosion does occur on ca- 
thodically protected cable sheath, the research effort 
was directed to means other than, or in conjunction 
with, cathodic protection which would make it possi- 
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ble to duplicate in the laboratory the corrosion ex- 
perienced in the field. 

As shown in Table 1 intermittent tests of various 
types were instituted for the purpose of determining 
the conditions of prior cathodic protection which 
would produce corrosion of maximum severity with 
the deliberate cessation of cathodic protection. The 
intermittent tests are being continued in order_to 
obtain complete data on conditions for maximum 
severity of corrosion, 

A few tests also have been made on the effects of. 
alternating current alone and of alternating current 
superimposed on a cathodic protection system, These 
tests are not described in Table 1 and have not gone 
far enough as yet to warrant presentation of results. 


It shoulld be noted that all lead cathodes placed 
under protection in the CPL were operated at con- 
stant current. The Hewlett-Packard power unit 
which was used for supply of direct current, with a 
500 volt maximum DC supply voltage, assured the 
maintenance of constant current even when cathode 
films and crusts of high resistance were formed. In 
practice, however, it is usual to operate a cathodic 
protection system in the field such that surface film 
potentials are less than five volts, In such cases the 
formation of high resistance films at the cathodes 
could effectively decrease protective current. 


Test Results 

The description of test conditions for series 6-55 
to 16-55 tests are given in Table 1. A brief descrip- 
tion of the cathode appearance at the end of the run 
is given in the last column of Table 1. In general the 
notation in this column is that corrosion did not 
occur during continuous cathodic protection. There 
was evidence under highly alkaline initial test condi- 
tions of the formation of slight or severe pitting of 
the cathode surface during intermittent cathodic pro- 
tection, the cathodes remaining in the cell during the 
period of open circuit. The most severe pitting oc- 
curred when cathodic protection was intermittent 
and the lead cathodes remained in the highly alkaline 
solution for one week before re-applying cathodic 
protection. 

For the tests made with chloride solutions, which 
were not made highly alkaline as an initial test con- 
dition, the results of intermittent tests indicated 
little evidence of corrosion except at the interface of 
air and electrolyte, At this point there was some evi- 
dence of corrosion of the cable sheath when insulat- 
ing “Scotchrap” was not used in this area. However, 
even under continuous cathodic protection there is 
some indication of a slight attack in this area just 
above the liquid line. This is a region which receives 
little or no cathodic protection. 


Weight loss tests on thin sheets of lead and cable 
sheath alloy were made prior to the tests given in 
Table 1, The data from these “miniature” tests were 
substantially the same as indicated in Table 1 (e.g., 
there was no loss due to corrosion during continuous 
cathodic protection.) 


As a general observation it should be noted that 
for the tests shown in Table 1, a thick, hard, adherent 
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TABLE 1—Cathodic Protection—Tests on Lead Sheathed Cable Fo 
 — ES —— a * 
| whic! 
Electrode | | ~ 
Cur-| Negative Overall | of th 
rent | Potential Cell | | 
Den-| (Hydrogen Voltage | up oO! 
sity = Zero) a pH rol 
J ma/ ——| V.T. V.M. Composition ——),——| Cathode volta 
Conditions y ft? | Start | | End | Reading Cell Electrolyte Start} End| Appearance rapid 
NS caieiieee —  ciliaiataapmaeanansiign | « 
Continuous Protection 28 | 0. 100 | 1.126 | 1.267 | Soil 50,000 ppm NaCl | 6: No Corrosion nag 
Continuous Protection be 100 | 1.269 | 1.180 | | | Soil 50.000 ppm CaCle Rs fe No Corrosion mag 
Continuous Protection | 0. 100 | Soil | 50,000 ppm MegCle | %. No Corrosion mont 
C ontinuous Protection 28 i | 100 | | 118 1] 2. Soil | | 50,000 ppm NaCl Moe a F No Corrosion squa 
Continuous Protection 3 > 100 | | 1.75] 2.28 Soil 50,000 ppm CaCle 3. -3 | No Corrosion 
Continuous Protection 2 17 | | 8 2. Soil | 50,000 ‘ppm MgCle 3. 5.5 | No Corrosion a col 
Continuous Protection | 2 O1 | | 1.306 | 1. 398 2.48 | Soil | 12 500 ppm seach of CaCh, 5 5 No Corrosion ode 1 
we f ab a er ; MgCle, NaCl, KCI % 
Continuous Protection 28 é . | 1.505 | Ri | Soil | 12,500 ppm nat of CaCle, 4 7 No Corrosion curre 
— . ee peas ey | MgCle, NaCl, KC! | 
Continuous Protection 23 . é 326 | 1.314 2.2 Soil 12,500 ppm each of CaCle, | 5. - No Corrosion In 
| | MegCle, NaCl, KCl 
i Se ociereremeel ie toc cece eeenaaerio - ‘ = | - sacri be a elcaecans remo 
Continuous :P rotection 28 | 0. ‘ | | Soil 25,000 ppm each ae KCl aud! 6.8 -3 | No Corrosion by 
Sani 4 fa | CaCle a vy ie 
| Continuous Protection 23 07 | 2 | Soil | 1 ppm each of NaCland | 7.2 . No Corrosion and | 
, | | CaCle . : 
Continuous Protection | 2% F : | | Soil | 12,500 ppm each - CaCle, | 4.4 . No Corrosion tion 
| | | MgC le, NaCl, KC | . 
RN OBO aie | tas bien | Lae a Poe I- = cee repeats a onnanee surfe 
Sontinuous I rotection L Fs 32 -260 | 98 No Soil; elec- | 5,000 ppm each of CaCle, | 7.0 A No Corrosion 
; trolite only ee 1, KCl logrz 
‘ontinuous Protection 28 i .264 | 1.338 3S. | No Soil; elec- | 15,000 ppm each of CaClo, 6.6 23 No Corrosion F 
: | iy | ert» 3 trolyte only NaCl, KCl secti 
‘ontinuous Protection 2% i é | 1.358 | 1.5¢ od No Soil; elec- | 15,000 ppm each of CaCle, | 8.4 | 3.9 | No Corrosion : 
| troly te only NaCl, KCl | testi 
Continuous Protection | 28 | 0.17 5 .202 .129 | | No Soil; elec- | 15g/1 KCl a 10g/1 KOH sin 13.0 | 12.5 | No Corrosion on St 
E | | | trolyte only | . th 
Continuous Protection 28 | 0. | 1000 -257 | 1.28: | No Soil; elec- 15g/1 KCI + 10g/1 KOH 13.0 .3 | No Corrosion in 
; | | ‘ | trolyte only | | corr 
Continuous Protection | 8 ; | 2000 4 Ps No Soil; elec- | 15g/1 KCI + 10g/1 KOH 13.0 | 12. No Corrosion ; 
. onde tt ext / _trolyte only i on ae cells 
Continuous Protection 28 | O. | 2000 | 1.248 -267 = — elec- | 15g¢/1 KCI + 10g/1 KOH 13.0 | 12.4 No Corrosion mag 
| a rolyte only j 
Continuous Protection | 28 | 0.17 | 2000 | 1. } 1.4 No Soil; elec- | 15,000 ppm each of NaCl, 7.6 .8 | No Corrosion rode 
| trolyte only | KCI, CaCle | 5 
jeaaiantlion eae ad fe eee eas satan tates tactile atldensineleoncess ance 
Weekly Intermittent | 56 | 90. 500 .284 | 1.32% | No Soil; e lec 15,000 ppm each of CaCle, 4.6 9 | Slight Pitting , 
Protection ia a | trolyte only NaCl, KCl | SO C 
Weekly Intermittent 56 ; 1000 | 1.35 186 | | No Soil; elec- 15,000 ppm each of CaCle, | 5. 3.2 | Slight Pitting lent 
Protection | | trolyte only NaCl, KCl aden 
Weekly Intermittent 56 ‘ 2000 288 -106 | No Soil; elec- 5,000 ppm each of CaCle, 7 5.4 | Slight Pitting shea 
Protection trolyte only NaCl, KCl , " 
Weekly Intermittent | - 2 17 | 500 | 1.27: .123 | No Soil; elec “10g/ 1 NaC 1 + 15g/1} Na OH | 12.4 |12. Deep Pits Sc 
Protection | | } trolyte only | tl od 
Weekly Intermittent 28 17 | 1000 | 1.32% : | No Soil; elec- 10g/1 NaC! + 15g/1 NaOH 4 | 12, Deep Pits 1 
| Protection ol trolyte only | tion: 
Weekly Intermittent | ‘ | O. 2000 | 1.412] 1. No Soil; elec- | 10g/1 NaCl + 15g/1 NaOH No Corrosion ; 
Protection | | | | | trolyte only | the ] 
| Daily Intermittent |} 56 | 0.17 500 | 1.166 | 1.42% No Soil; elec- 10g/1 NaCl + 15g/1 NaOH 2. A | Slight Pitting frag 
| Protection | trolyte only } 
| Daily Intermittent | 56 | 0. 1000 | 1.245 55! |} No Soil; elec- | 10g/1 NaCl + 15g/1 NaOH 2. 2. Slight Pitting wate 
Protection | | a | trolyte only | | c 
Daily Intermittent |} 56 | 0. 2000 } 1.29: .223 | No Soil; elec- | 10g/1 NaCl + 15g/1 NaOH 2.4 4 Slight Pitting foun 
Protection | | trolyte only | | that 
} - — - - — aad “ — — eee ~ —— a+ a+ ~ a c 
Daily Intermittent | 56 00 | 50 .216 | 1.228 | “ Soil 50,000 ppm NaCl . 5. No: Cc orrosion am tl 
Protection | except at air catn 
zi | | | interface alka 
Daily Intermittent | 56 | 050] 501] 1.235/29 | 2: Soil | 50,000 ppm CaClz 5.8 | 5. No Corrosion = 
Protection | | except at air 
interface It 
Daily Intermitvent 56 | 0.5 50 | 1.246 | 2.3% 2.3% Soil 50,000 ppm MgCle “ 5.6 | No Corrosion 
Protection | | | | except at air (see 
| | | interface rate 
Continuous Control | 56 50 | 50 | 1.229 | 4.4 4. | Soi | 50,000 ppm CaCl | 6. 5.8 | No Corrosion mun 
on Series 16-55 | | } | 
Continuous Control 56 | 0.50 50 | 1.255 § 2.2 Soi | 50,000 ppm MgCle | 6.8 | 5.2 | No Corrosion ever 
on Series 16-55 | | | | | | e 
i ! a Te 7 ee oa forn 
Note No, 1— All cells except Series 12-55 had Graphite Anodes. Serie s 12. 55 had Duriron Sanh s. oxid 
Note No. 2—The pH values given in the table are those of a sample of cathodic protection cell electrolyte taken midway between the anode and cathode and are not an i 


representative of the catholyte at the lead cathode. The catholyte pH was invariably found to rise to a range of 10.5 to 12.5 pH irrespective of the cell pH. 


Note No. 3—-Because of the relatively small cathode area employed, the concentric spacing of anodes and cathode and the constant current circuit, it is believed to the 
be a valid assumption that current density was uniform over the cathode area exposed. A concentric build-up of films or crusts on the cathodes is also quat 
considered as evidence of uniform current density. The current densities shown therefore are considered to be actual rather than computed values. - 

Note No. 4 The method of measuring cathode potentials is described earlier in the paper and Table 1 gives dynamic potentials with current to the cathode rather aim 
than static potentials. The potential measured will be a function of the current density, pH of the catholyte and the nature and thickness of cathode 
films or crusts. In the absence of measurements of resistive and capacitance components of the cathode film and of the pH of the catholyte, the poten- 
tials given in the table are to be considered as the result of the integrated effects of these various factors. 


U 


crust was formed on the lead cathodes during ca- with sodium, calcium and magnesium chloride. Dura- hav 
thodic protection, whenever calcium or magnesium tion of run was 1% months at the time photograph take 
salts were present in high concentrations. The crust was made, In some cases the crust built up to a total cath 
which formed when soil was used in the cell and was thickness of one or more inches with the soil particles tion 
in contact with the cathode was greater in thickness apparently cemented to each other and to the cath- bee 
than when the salt solution was used without soil. ode. Crust formation also was intensified by increased erat 


Figure 3 illustrates the crust formation on cathodi- current density and by increased calcium and/or 
cally protected lead cable sheath in soil saturated magnesium content of the electrolyte in the cell. 
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For the continuous cathodic protection tests in 
which the cathode was not inspected until the end 
of the test period, it was possible to follow the build 
up of the cathode crust by means of potential or cell 
voltage values. The voltage of the cell built up more 
rapidly and to higher values for calcium than for 
magnesium crusts, For one test, at the end of one 
month, it required 175 volts to provide a 500 ma/ 
square foot current density in a soil saturated with 
a concentrated CaCl, solution. The equivalent cath- 
ode in MgCl, solution required 65 volts for the same 
current density. 

Initially when the lead cable sheath cathodes were 
removed from the cells they were carefully inspected 
by removing the cathode crusts on part of the surface 
and examining for absence of corrosion, The inspec- 
tion consisted of visual observation of the cathode 
surface aided by magnification to 20 power and metal- 
lographic observation of polished and etched cross 
sections through the cathode surface. Later in the 
testing sequence the crusts were allowed to remain 
on some of the cathodes and were simply dry stored 
in the laboratory. It was then found that quite severe 
corrosion took place underneath the crusts formed in 
cells with high concentrations of either calcium or 
magnesium chlorides. The appearance of the cor- 
roded surface was an exact duplicate of the appear- 
ance of samples obtained from service failure due to 
so called cathodic corrosion, The corrosion was evi- 
dently initiated by crusted environment of the cable 
sheath after the cathode was removed from the cell. 

Some of the crusts produced by continuous ca- 
thodic protection in cells containing high concentra- 
tions of Ca or Mg ions were partially removed from 
the lead cable cathodes. They were broken into small 
fragments and leached with a minimum of distilled 
water, The pH values of the leached solutions were 
found to range from about 10 to 11.5, thus indicating 
that in the presence of moisture and absence of 
cathodic protection current the crusts were highly 
alkaline and corrosive to the lead. 


It was possible to observe from the data obtained 
(see Figure 3) that cells operating with soil satu- 
rated with a concentrated NaCl solution had a mini- 
mum of crust formation on the lead cathode. How- 
ever, a photometric analysis of the crust which did 
form showed that it consisted mainly of hydrated 
oxides of Ca and Mg. The indications here are that 
an ion interchange had occurred between the Na and 
the available Ca and Mg of the soil itself. More 
quantitative data in this area would be a desirable 
aim for research activity. 


Summary and Conclusions 


Under very special laboratory conditions chemists 
have shown that deterioration of lead cathodes may 
take place, But in such cases the appearance of the 
cathode and the degree of environmental specializa- 
tion rules out the type of lead deterioration which has 
been claimed with regard to lead covered cables op- 
erating under field conditions of cathodic protection. 


The large number of tests which have been made 
of lead cable sheaths under a variety of conditions 
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Figure 3—Appearance of %-inch OD lead 
cable sheath cathodes protected 142 months 
in soil saturated with chloride solution (50,000 
ppm concentration). From left to right the 
chloride added to the cell was sodium, calcium 
and magnesium. The polyvinyl tape used for 
insulation is shown at the top and bottom of 
the specimens. 


of cathodic protection in the CPL have demonstrated 
in every case that effective protection is maintained 
as long as protective current exists. The laboratory 
circuits used for supply of protective current to the 
cathodic protection cells had characteristics which 
would not be found in the usual cathodic protection 
system in the field. This was because they maintained 
constant current to the cathodes independently of 
any change in resistance due to crust or film for- 
mation. 


It was found that crust formation on the lead 
cathode was a consequence of cathodic protection in 
the presence of calcium and magnesium salts. Crust 
formation was found to be greater when the concen- 
tration of these salts or the current density was in- 
creased. Crust formation also was found to be a 
maximum when soil was in contact with the lead 
cathode, Although crust formation was not serious 
on lead cathodes protected in solutions containing 
NaCl, there was some slight crust formation when 
in contact with soil saturated with NaCl solution. 
All of the crusts were found by photometric analysis 
to consist mainly of the hydrated oxides of calcium 
and magnesium, and they provided a highly alkaline 
and corrosive environment in the absence of protec- 
tive current. This is believed to be the first recorded 
laboratory duplication of service-type failure under 
cathodic protection conditions. 

It is considered that a system of lead-sheathed 
cable normally under cathodic protection may cease 
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to have such protection as a result of the following 
service-connected factors: 

1, Formation of films and crusts of high re- 
sistance due to Ca and Mg oxide compo- 
sition. 

. Seasonal removal of soil moisture or duct 
water. 

. Formation of a more highly conducting 
path of cathodic protection somewhere 
else in the system due to heavy concentra- 
tion of de-icing salts. 

4, Daily and seasonal variation of stray cur- 
rents. 

Since the corrosive environment of lead cable 
sheath may be produced by the cathodic protection 
system itself, it will be recognized that failure by 
corrosion in the absence of protective current will be 
more rapid the greater the protective current density 
prior to cessation of protection. It would, therefore, 
appear that the term “cathodic corrosion” of lead 
cable sheath is a misnomer and should be replaced 
in the literature by the more descriptive term “cor- 
rosion by cathodic products.” 

Some reduction in the frequency of failure of lead 
sheathed cable might be effected in the field by pre- 
venting the existence of excessive protective current. 
More precise inspection techniques could possibly 
determine when cathodic protection is absent as a 
consequence of the four factors mentioned, If any of 
these conditions are found by such inspection, the 
application of an appropriate system of mitigation 
can be attempted more effectively when the specific 
cause of non-protection has been established. 
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TECHNICAL COMMITTEE ACTIVITIES 


70 Technical Committees to Meet at St. Louis 


| Tentative Committee and Technical Program 
NACE 13th Annual Conference, St. Louis, March 11-15, 1957 


Sunday, March 10—Sheraton-Jefferson Hotel 


ne 

T-2E—Internal Corrosion of Product Pipe Lines 
and Tanks 

T-3B—Corrosion Products 

T-5A-4—Chlorine 

T-6G—Surface Preparation for Organic Coatings 


Afternoon 
T-2D—Standardization of Procedures for Measur- 
ing Pipe Coating Leakage Conductance 
T-4A—Effects of Electrical Grounding on Corrosion 
T-5A-6—HF Corrosion 
T-6B—Protective Coatings for Resistance to At- 
mospheric Corrosion 


Monday, March 11—Sheraton-Jefferson Hotel 


Morning 

T-1—Corrosion in Oil and Gas Well Equipment 
T-2A—Galvanic Anodes 
T-2C—Minimum Current Requirements 
T-2F—Internal Corrosion of Crude Oil Pipe Lines 

and Tanks 
T-2G—Coal Tar Coatings for Underground Use 
T-2J/—Wrappers for Underground Pipe Line Coat- 


ing. 
T-4F-1—Materials Selection in the Water Industry 
T-5A-1—Sulfuric Acid 
T-5A-5—Nitric Acid 
T-5E—Stress Corrosion Cracking of Austenitic 
Stainless Steel 
T-6H—Glass Linings and Vitreous Enamels 
T-4F-2—Materials Selection in the Electric In- 
dustry. 
Afternoon 
T-1—Corrosion in Oil and Gas Well Equipment 
T-2B—Anodes for Impressed Currents 
T-3C—Annual Losses Due to Corrosion 
T-4D—Corrosion by Deicing Salts 
T-4F—Materials Selection for Corrosion Mitigation 
in the Utility Industry 
T-5A-3—Acetic Acid 
T-5B-3—Oil Ash Corrosion 
T-5D—Plastic Materials of Construction 
T-6D—Industrial Maintenance Painting 
T-6K—Corrosion Resistant Construction with Ma- 
sonry and Allied Materials 
T-5A—Chemical Manufacturing Industry 
T-5B-5—Corrosion by Molten Salts and Metals 


Tuesday, March 12—Kiel Auditorium 


Morning 
T-2H—Asphalt Type Pipe Coating 
13D-1—Electrical Holiday Inspection of Coatings 
T-4B-6—Stray Current Electrolysis 
T-5B-2—Sulfide Corrosion at High Temperatures 
and Pressures in the Petroleum Industry 
T-6F—Protective Coatings Equipment, Methods and 


Cost 
T-4B-1—Lead and Other Metallic Sheaths 
T-3D—Instruments for Measuring Corrosion 
T-4B-2—Cathodic Protection 
Chemical Industry Symposium—Part | 
Oil and Gas Production Symposium 


Afternoon 
T-1D—Sour Oil Well Corrosion 
T-1H—Oil String Casing Corrosion 


Sweet Oil Well lron Content 
Anomaly to Be Investigated 


Field tests are being planned to con- 
firm laboratory findings of an anoma- 
lous condition with respect to iron con- 
tent of effluent from sweet oil wells. A 
member of T-1C on Sweet Oil Well 
Corrosion has reported that his experi- 
ments with well fluids in the laboratory 
show that the addition of an inhibitor 
changes the ratio of iron content in the 
water and oil phases. 

When inhibitor is added iron content 
of the water decreases while the iron 


T-3A—Corrosion Inhibitors 

T-3G—Cathodic Protection 

T-4B-3—Tests and Surveys 

T-48-4—Protection of Pipe Type Cables 
T-4B-5—Non-Metallic Sheaths and Coatings 
Protective Coatings Symposium 

Refinery Industry Symposium 

Educational Lecture No. 1 

Pipe Line Group Discussions 


Wednesday, March 13—Kiel Auditorium 


Morning 
T-1B—Condensate Well Corrosion 
T-2K—Prefabricated Plastic Film for Pipe Line 
Coating 
T-3H—Tanker Corrosion 
T-5B—High Temperature Corrosion 
T-6A—Organic Coatings and Linings for Resist- 
ance to Chemical Corrosion 
T-6C—Protective Coatings Resistance to Marine 
Corrosion 
T-7—Corrosion Coordinating Committee 
Corrosion Principles Symposium 
Corrosion Inhibitors Symposium 
General Business Meeting 
Afternoon 
T-1K—Inhibitors for Oil and Gas Wells 
T-2—Pipe Line Corrosion 
T-6R—Protective Coatings Research 
T-1C—Sweet Oil Well Corrosion 
General Corrosion Symposium 
Educational Lecture No. 2 
Chemical Industry Symposium—Part I! 
Cathodic Protective Symposium 


Thursday, March 14—Kiel Auditorium 


Morning 

T-1M—Corrosion of Oil and Gas Well Producing 
Equipment in Offshore Installations 

T-3E—Railroads 
T-3F—Corrosion by High Purity Water 
T-4—Utilities 
T-6—Protective Coatings 
Pipe Line General Symposium 
Plastic Symposium 
Elevated Temperatures 

Afternoon 


T-1F—Metallurgy 

T-1J—Oil Field Structural Plastics 

T-3E—Railroads 

T-5—Corrosion Problems in the Process Industries 

T-5B-2—Sulfide Corrosion at High Temperatures 
and Pressures in the Petroleum Industry 

T-6E—Protective Coatings in Petroleum Production 

T-1G—Sulfide Stress Corrosion Cracking 

High Purity Water Symposium 

Educational Lecture No. 3 

Power & Communication Industry Symposium 

Corrosion Symposium 

General Corrosion Symposium 


Friday, March 15—Kiel Auditorium 
Morning 
General Corrosion Problems—Round Table 


Pipeline and Underground Corrosion Problems— 
Round Table 


content of the oil increases, while the 
total amount of iron remains fairly con- 
stant. 


Bottom Hole pH Scanned 


As Indicator of Corrosivity 


Will bottom hole pH indicate whether 
or not a well will become corrosive? 
This is the aim of a task group of T-1C 
on Sweet Oil Well Corrosion which is 
seeking to determine if the calculated 
bottom hole pH can be used as a cri- 
terion of corrosivity early in the life of 
an oil well. 
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Problems of Most 
Major Industries 


Will Be Covered 


Seventy NACE technical committees 
will meet in St, Louis during the Thir- 
teenth Annual Conference and Exhibi- 
tion, March 11-15. There also will be 
meetings of the Corrosion Committee 
of the Federation of Paint & Varnish 
Production Clubs and a committee of 
the Society of Plastic Industry held 
concurrently with the conference. 

A tentative schedule for the technical 
committee meetings appears elsewhere 
in this section of Corrosion. The sched- 
ule shows eight committees holding 
meetings on Sunday, March 10. These 
Sunday meetings were scheduled in an 
attempt to relieve the heavy schedule of 
committee meetings and symposia later 
in the week. They are open meetings 
to which guests are invited to attend. 

An outline of tentative plans for each 
committee meeting follows: 


T-1 Corrosion in Oil and Gas Well Equipment— 
All day Monday, March 11. T-1 will hear prog- 
ress reports from each of the ten T-1 unit com- 
mittees. A portion of the day’s meeting will be 
devoted to round table discussion of new devel- 
opments and procedures concerning corrosion 
mitigation in the oil and gas production in- 
dustry. 


T-1A Corrosion in Oil and Gas Well Equipment, 
Los Angeles Area—T-1A will not hold a meeting 
but wil] report on its 1956 activities at the T-1 
meeting on Monday. 


T-1B Condensate Well Corrosion—Wednesday 
am, March 13. Progress made by a task group on 
completion of wells with shut in surface pressures 
near 10,000 psi will be discussed. The task group 
is assembling and correlating information con- 
cerned with completion practices, production 
practices, materials used and corrosion control 
measures connected with the 10,000 psi wells. 
Other subjects to be discussed will include new 
developments in inhibitors for use in condensate 
wells, developments in methods of applying in- 
hibitors and special equipment for introducing 
inhibitors into wells with shut in pressures near 
10,000 psi. 


T-1C_ Sweet Oil Well Corrosion—Wednesday 
pm, March 13. Results of a questionnaire on 
tubing internally coated with plastic coatings 
will be discussed. Task groups on field and 
laboratory aspects of corrosion of both water- 
dependent and water-independent sweet-oil wells 
will present progress reports. 


T-1D Sour Oil Well Corrosion—Tuesday pm, 
March 12. T-1D will discuss progress of task 
groups active in the West Texas-New Mexico 
and Western Kansas areas. The committee will 
continue discussion of developments concerning 
corrosion in sour oil wells in connection with 
their assignment to keep T-1 advised of latest 
mitigation measures. 


T-1F Metallurgy—Thursday pm, March 14. T-1F 
will discuss problems of a metallurgical nature 
in the petroleum production industry. 


T-1G Stress Corrosion Cracking—Thursday pm, 
March 14 (immediately following the T-1F meet- 
ing). T-1G will discuss a proposed standard 
method for determining susceptibility of steels to 
cracking under stress when exposed to hydrogen 
— New committee activities will be dis- 
cussed. 


T-1H Oil Sting Casing Corrosion—Tuesday pm, 
March 12. T-1H will hear of progress by task 
groups in West Texas-New Mexico, West Kan- 
sas, East Texas and California areas. Discussion 


(Continued on Page 80) 
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of data accumulated on cathodic protection of 
oil well casings will be heard. 


T-1J Oil Field Structural Plastics—Thursday 
pm, March 14. T-1J will discuss results of a 
questionnaire on use of plastic pipe in the petro- 
leum production industry. Performance data will 
be discussed. 


T-1K Inhibitors for Oil and Gas Wells—Wednes- 
day pm, March 13. T-1K will discuss progress 
made on a proposed test for inhibitors to be used 
in sour crudes and a test for inhibitors to be 
used in sweet crude and/or gas condensates. 
Further laboratory tests by the T-1K screening 
method will be discussed. 


T-1M Corrosion of Oil and Gas Well Producing 
Equipment in Offshore Installations—Thursday 
am, March 14. Will discuss progress by task 
groups on coatings, surface preparation and costs. 


T-2A Galvanic Anodes—Monday am, March 11. 
T-2A will hold a round table type meeting with 


discussions from members on performance of 
various types of galvanic anodes. 


T-2B_ Anodes for Impressed Currents—Monday 
pm, March 11. T-2B will hear a report on the 
results of the second questionnaire on high 
silicon cast iron anodes. Progress of task groups 
on sources of impressed current for anodes, 
ground bed design and use of platinum and pal- 
ladium for anodes will be discussed. 


T-2C Minimum Current Requirements—Monday 
am, March 11. A statement on “Minimum Re- 
quirements for Cathodic Protection” has been 
proposed. The committee will discuss the state- 
ment and measurement techniques to be used 
to establish the criteria. 


T-2D Standardization of Procedures for Measur- 
ing Pipe Coating Leakage Conductance—Sunday 
pm, March 10. T-2D will discuss the committee’s 
proposed standard method for measuring leakage 
conductance of coating on buried pipelines. Re- 
ports on measuring leakage conductance under 
special conditions will be heard from task groups 
of the committee. 


T-2E Internal Corrosion for Product Pipeline 
Tanks—Sunday am, March 10. It is expected 
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that preliminary reports on the committee’s in- 
line coupon tests will be heard at the meeting. 
There will be a general discussion of the com- 
mittee’s test program. 


T-2F Internal Corrosion of Crude Oil Pipeline 
and Tanks—Monday am, March 11. Plan for re- 
organizing the activities and reactivating old 
activities of the committee will be discussed. 


T-2J Wrappers for Underground Pipeline Coat- 
ing—Monday am, March 11. Completed materia] 
specifications for asbestos felt and glass fibers 
will be discussed at the meeting. Preliminary 
specifications on other type wrappers will be 
discussed. 


T-2K Prefabricated Plastic Film for Pipeline 
Coating—Wednesday am, March 13.- Progress of 
task groups on history and results of physical 
characteristics research development, application 
and standards will be discussed. Results of ques- 
tionnaires on field installations on present and 
long range data and on laboratory data for in- 
dustry and manufacturers is anticipated. Possible 
recommendations regarding prefabricated plastic 
films for pipeline coatings will be considered. 


T-3A Corrosion Inhibitors—Tuesday pm, March 
12. Reports of progress from task groups on gen- 
eral theory of the application of the corrosion 
inhibitors, methods of testing and screening cor- 
rosion inhibitors and materials available for 
application of corrosion inhibitors will be heard 
and discussed. 


T-3B Corrosion Products—Sunday am, March 
10. The committee’s series of bibliographies of 
corrosion products on metal will be the main 
topic of discussion at the meeting. 


T-3C_ Annual Losses Due to Corrosion—Monday 
pm, March 11, Progress made by the committee 
on ascertaining losses due to corrosion will be 
discussed. 


T-3D Instruments for Measuring Corrosion— 
Tuesday am, March 12. Committee will discuss 
instruments and techniques for measuring cor- 
rosion. Task group on electrical holiday correc- 
tion of coating will hold a meeting immediately 
following the T-3D meeting. 


T-3E Railroads—Thursday am, March 14. T-3E 
will hold a general round table discussion type 
meeting on problems of corrosion in the railroad 
industry. 


T-3E-1 Corrosion of Railroad Tank Cars will 
meet on Thursday afternoon. The major topic 
for discussion at the meeting will be the develop- 
ment of a preliminary chart on the cleaning of 
tank cars to prevent damage to linings or con- 
struction materials. 


T-3F Corrosion by High Purity Water—Tuesday 
pm, March 13. T-3F will hear discussions of 
progress made by task groups on facilities for the 
production of high purity water, inhibitors, cor- 
rosion products, general corrosion problems, 
classification and bibliographies. The third an- 
nual symposium sponsored by the committee will 
be held Thursday pm, March 13. 


T-3G Cathodic Protection—Tuesday pm, March 
12. T-3G will hear discussions of progress by 
task groups on cathodic protection of hull bot- 
toms of ships, heat exchangers and process 
equipment. Task Group T-3G-1 on Cathodic Pro- 
tection of Hull Bottoms of Ships will present a 
revised report. Task Group T-3G-2 on Cathodic 
Protection of Heat Exchangers expects to have 
available for discussion results of a questionnaire. 


T-3H Tanker Corrosion—Tuesday am, March 12. 
Developments for protecting tankers from corro- 
sion will be discussed. 


T-4A Effects of Electrical Grounding on Corro- 
sion—Sunday pm, March 10. T-4A will hear 
discussions of activity on the part of task groups 
on recommendations for materials to be used for 
electrical grounding to reduce corrosion and rec- 
ommendations for grounding on private premises. 


T-4B Corrosion of Cable Sheaths—All day Tues- 
day, March 12. The T-4B meeting will consist of 
progress reports by the six T-4B task groups. 
The task groups will report in the following 
sequence: T-4B-6 on Stray Current Electrolsis; 
T-4B-1 Lead and other Metallic Sheaths: T-4B-2 
Cathodic Protection; T-4B-3 Test and Surveys; 
T-4B-4 Protection of Pipe Type Cable; T-4B-5 
Non-Metallic Sheaths and Coatings. 


T-4D Corrosion by Deicing Salt—Monday pm, 
March 11, T-4D will hear discussions of progress 
from task groups assigned to study and develop 
procedures for conducting field tests above 
ground, study and develop procedures for con- 
ducting field tests between cities and transporta- 
tion companies and a task group assigned to 
study and develop procedures for conducting field 
tests below ground. 


T-4E Corrosion by Domestic Waters—Tuesday 
pm, March 12. The committee will discuss prog- 
ress on its service tests in domestic waters. Data 
on exposed pipe test sections and on aluminum 


(Continued on Page 81) 
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Inhibitor Screening 
Method Satisfactory 
In Extensive Use 


No inhibitor which failed the NACE 
Init Committee T-1K Proposed Stand- 
rd Laboratory Procedure for Screen- 
ig Inhibitors for use in Oil and Gas 
Vells has functioned satisfactorily in 
‘he field so far. The screening proce- 
ure, published in Corrosion, Vol. 11, 
fo. 3, 143t-146t (1955) March, has been 
sed by many oil production labora- 
ries for screening inhibitors for nearly 
wo years. The testing laboratories have 
irnished the committee with data on 
thibitor screening which substantiates 
ffectiveness of the procedure. 
Essentially the static oil and water 
‘st utilizes the weight loss difference 

mild steel coupons under the influ- 
aces of inhibited and uninhibited solu- 
ons of synthetic sour brine. The test 
ubjects the steel coupon to an inhibited 
olution of oil, in the case of oil-soluble 
nhibitors, for a short period and for 
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ipe exposed to irrigation waters will be heard. 
iscussion on forming a task group to study 
orrosion of hot water tanks will be held. 


[-4F Materials Selection for Corrosion Mitiga- 
tion in the Utility Industry—Monday pm, March 
11. T-4F will hear reports on progress by task 
groups on material selection in the water indus- 
try and material selection in the electrical in- 
lustry. These task groups will meet on Monday 
im, March 11. 


T-5A Chemical Manufacturing Industry—Mon- 
day pm, March 11. T-5A will hear discussions of 
progress from task groups on sulfuric acids, acetic 
acid, chlorine, nitric acid and hydrofluoric acid. 
Task groups will hold meetings as_ follows: 
P-5A-1 Sulfuric Acid, Monday am, March 11; 
r-5A-4 Chlorine, Sunday pm, March 11; T-5A-5 
Nitric Acid. Monday am, arch 11; T- SA-6 Hy- 
drofluoric Corrosion, Sunday pm, March 10. 


T-5B High Temperature Corrosion—Wednesday 
am, March 13. T-5B will discuss progress by task 
groups on sulfide corrosion at high temperaturés 
and pressures in the petroleum industry, oil ash 
corrosion and corrosion by molten salt and 
metals. The task groups will hold their meetings 
as follows: T-5B-2 Sulfide Corrosion at High 
Temperatures and Pressures in the Petroleum 
Industry, Tuesday am, March 12 and Friday pm, 
March 14; T- 5B-3 Oil Ash Corrosion, Monday 
pm, March 11; T-5B-6 Corrosion by Molten Salt 
cae Metal, Monday pm, March 11. 


T-5D Plastic Materials of Construction—Monday 
pm, March 11. T-5D will hear reports on progress 
made by task groups on qyestionnaires, organic, 
ilkalis, gases, water and salt solutions, organic 
chemicals, engineering design and methods for 
evaluating plastics in chemical environments. A 
major item for discussion at the T-5D meeting 
will be the task group T-5D-7 on Engineering 
Design of the proposed T-5D Plastic Materials of 
Construction Numbering System. 


T-5E Stress Corrosion Cracking Stainless Steels 
Monday am, March 11. T-SE will discuss re- 
sults of the joint ASTM Committee A-10 Sub. IV 
ind T-5E questionnaire on Stress Corrosion 
Cracking of Stainless Steels. 


T-6A Organic Coatings and Linings for Resist- 
ance to Chemical Corrosion—Wednesday am, 
March 13. T-6A will discuss pregress by com- 
mittees on heavy linings, vinyl coatings, vinyli- 
lene chloride polymers, phenolics, polyethylene, 
rubber and elastomors, silicones, methyacrylates, 
furnaces, polyesters, fluorocarbons, chlorinated 
rubbers, organic-brick covered, rigid vinyls, bitu- 
minous, polyurethanes and Hypalon. 


T-6B Protective Coatings for Resistance to At- 
mospheric Corrosion—Sunday pm, March 10. 
T-6B will continue to work on a detailed study 
of coatings for use in atmospheric environments. 
Final draft for T-6B is report on protective coat- 
ings for atmospheric use, surface preparation and 
application requirements, physica al characteristics 
and resistance (including a table of application 
data for paints and coatings used in atmosphere) 
will be Tecanesk: 


TECHNICAL COMMITTEE ACTIVITIES 


T-6C Protective Coatings for Resistance to Ma- 
rine Corrosion—Wednesday am, March 13. T-6C 
will discuss completed charts giving data on coat- 
ings for use in a marine atmosphere. A discussion 
on expanding committee activities and scope will 
be held. 


T-6D Industrial Maintenance Painting—Monday 
pm, March 11. T-6D, organized in October 1956, 
will discuss progress by task groups on econom- 
ics, specifications and painting programs. 


T-6E Protective Coatings in Petroleum Produc- 
tion—Thursday pm, March 14. T-6E will discuss 
results of questionnaires designed to determine 
present practices and to yield data that may sup- 
plement a contemplated recommended practices 
and suggested specifications for protective coat- 
ings used in petroleum production. 


T-6F Protective Coatings, Equipment, Methods 
and Cost—Tuesday am, March 12. T-6F will 
discuss the committee’s scope and complete or- 
ganization of committee’s activities. 


T-6G Surface Preparation for Organic Coatings— 


Sunday am, March 10. T-6G will discuss plans 
for preparation of specifications for surface prep- 


scsgaesenn ste 
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aration of various non-ferrous metals for coating. 


T-6H Glass Linings and Vitreous Enamels— 
Monday am, March 11. T-6H will discuss plans 
for expanding committee activities. 


T-6K Corrosion Resistant Construction with 
Masonry and Allied Materials—Monday pm, 
March 11. T-6K has just completed a compre- 
hensive report on chemical resistant linings for 
the process industry. The committee will discuss 
new projects and future committee work. 


T-6R Protective Coatings Research—Wednesday 
pm, March 13. T-6R will hear reports from liaison 
members to various coating committees of other 
organizations and discuss new areas of work for 
T-6 unit committees. 


T-7 Corrosion Coordinating Committee—W ednes- 
day am, March 13. T-7 will discuss progress made 
during the year on organization of regional corro- 
sion coordinating committees. A major topic of 
discussion at the committee’s meeting is the pro- 
posed revision of the Report of Correlating Com- 
mittee on Cathodic Protection which was pub- 
lished by NACE in 1951. 


IN ACTION 


The useful life of modern jet aircraft has been appreciably prolonged 


through the application of effective corrosion inhibitors. Chromium Chem- 


icals in various forms are used at many stages of jet plane production. 


Anodizing aluminum alloy parts with chromic acid 


forms one of the most effective protective coatings 


known today. Furthermore, it is an excellent base for 


the customary zinc chromate primer. Steel and magne- 


sium assemblies also are painted 


with zinc chromate...and before magnesium castings 


are primed they are dipped in a bichromate bath. 


These illustrations are examples of the ability of i 


Chromium Chemicals to inhibit and prevent corrosion. 


Besides supplying many industries with superior quality chromium chemicals, 


Mutual offers information on the numerous other ways that these chemicals 


help to protect valuable materials and equipment. So, if you are in doubt 


about the best way to solve your corrosion problem, contact Mutual. 


Sodium Chromate * Chromic Acid * Sodium Bichromate 
Potassium Bichromate * Potassium Chromate 
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Roach Heads Canadian T-7 Coordinating Unit 


Coated Tubing Experience 
Is Reported to T-1C 


Several reports on experience with 
coated tubing have been received by 
Unit Committee T-1C on Sweet-Oil 
Well Corrosion, One member reported 
having 145 strings of coated tubing in 
one field and failure of only one string. 
The failure was discovered when wire- 
line work was being done on the well. 
Close examination showed small bub- 
bles in the coating over the entire tub- 
ing string with rust underneath the 
bubbles. In the opinion of the commit- 
tee, the failure resulted from poor sur- 
face preparation, although some thought 
the bubbles may have been the result 
of not completely removing solvents. 

Coated tubing has been in service in 
the field for five years. Design life of 
the coated tubing is on a seven-year 
basis although it is believed a four and 
one-half year life would still prove eco- 
nomical. 

Another company reported on 96 
sweet-oil wells in the Texas-Louisiana 
Gulf Coast area with coated strings. 
The oldest string, ten years old, was 
pulled recently for inspection and re- 
turned to service intact. This company 
has had three failures, each of different 
types of coating, all attributed to faulty 
application. 

One member of the committee has 
made tests to see how plastic coated 
nipples hold up when parrafin is scraped 
off. Nipples with five different coatings 
were placed one on top of the other. A 
biscuit circular wire type paraffin cutter 
was forced through, The number of 
passes to failure varied from 18 for one 
coating to four for another. 

Another member reported his com- 
pany has set up a method of tests based 
on the assumption that velocity will 
damage coatings. Various. sizes of 


coated samples were put in a pipe. In 
one test the diameter of the sample was 
such that the velocity was equivalent to 
that in a tubing string that produced 
500 barrels of fluid a day. Diameter of 
the samples was varied to produce 
velocities equivalent to 1500 and 2500 
barrels per day. Coatings have been 
watched over a period of several months. 
Some were eliminated very quickly and 
among others the baked phenolic and 
modified epoxy phenolic coatings stood 
up best. Air-dried coatings failed faster 
than baked. 


Inhibitor Screening— 
(Continued From Page 81) 


the remainder of the test time the cou- 
pon is immersed in brine. In the case 
of the water-soluble inhibitor the brine 
is inhibited. Equipment for the test is 
so simple it is unique in a modern lab- 
oratory. It consists of a narrow mouth 
Erlenmeyer flask, a rubber stopper, a 
small glass hook and a 1 by 1 by Ye- 
inch mild cold rolled sheared piece of 
steel. Preparation for the test also is 
relatively simple, 

All tests are run in duplicate and 
duplicate controls are run at the time 
of all tests. Results of the tests are re- 
ported as: a) percent inhibition (in 
which the percentage of protection is 
calculated by a simple formula) and b) 
appearance of coupon (in which the 
surface of the coupon is examined visu- 
ally using 25 to 100 power magnification 
and the resuts of the visual examination 
reported by a description of the surface 
relative to presence or absence and rela- 
tive severity of pits and/or blisters). It 
is estimated by most people that have 
run the test that, after the initial equip- 
ment is set up, it takes only 13% 
minutes to prepare each test, evaluate 
and record the results. 
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Rapid Progress Made 
In Setting Up New 
Unit Organizations 


Unit Committee T-7F Canadian Re 
gion Corrosion Coordinating Committe 
is the first all-Canadian technical com- 
mittee activity to be formed within th 
NACE technical committee organiza 
tion. The committee was authorized b) 
the original Technical Practices Com 
mittee approval for formation of Grou; 
Committee T-7 and six unit regiona 
T-7 committees. 

Chairman of Unit Committee T-7F i: 
C. L. Roach of the Bell Telephone 
Company of Canada, Montreal. Mr 
Roach was born i: 
Nova Scotia and re 
ceived a B.Sc, it 
Electrical Engineer 
ing from Nova Scotia 
Technical College. He 
received a Master of 
Engineering from 
McGill University 
He served as Major 
in the Canadian Ord- 
nance Corps during 
the 2nd World War 
and has been affili- 
ated with telephone 
engineering since 1923 and with the Bell 
Telephone Company of Canada since 
1926. Presently he is Staff Engineer, 
Protection and Foreign Wire Relations. 
In addition to NACE he holds mem- 
berships in AIEE, IRE and Corpora- 
tion of Professional Engineers of Que- 
bec. He is chairman of the Canadian 
Standards Association Committee on 
Corrosion of Underground Structures. 

Mr. Roach reports his committee is 
engaged at the moment in accumulating 
information as to existing electrolysis 
committees in Canada. Future activities 
of the committee will be in line with 
the scope of T-7. 

Since T-7 was authorized in March 
1956 Chairman J. M, Fouts, New York 
Telephone Co., Buffalo, N. Y. and Vice- 
Chairman C. A. Erickson, the Peoples 
Natural Gas Co., Pittsburgh, Pa. have 
been busy organizing activities at the 
regional level. Mr, Erickson is chairman 
of the Northeast Region Committee 
T-7A in addition to being vice-chairman 
of the group committee. Mr, Erickson 
has prepared attractive brochures for 
distribution to existing electrolysis and 
coordinating committees existing in the 
region inviting them to participate in 
T-7A activities. 

J. O. Mandley, Michigan Consolidated 
Gas Co., Detroit has accepted the vice- 
chairmanship of the North Central 
Region Committee T-7B and is en- 
deavoring to initiate activities in that 
region. 

E. W. Seay, Jr., Chesapeake & Po- 
tomac Telephone Co. of Va., Norfolk, 
chairman of the Southeast Region Com- 
mittee T-7C has been evaluating elec- 
trolysis committee activities in the 
region and inviting existing committees 
to participate in T-7 work, 

O. W. Wade, Transcontinental Gas 

(Continued on Page 85) 
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DOWNHOLE CORROSION PROTECTION BY 
SQUEEZING with CORBAN 


Corban® has been recognized for some time as one of the most 
effective, economical corrosion inhibitors for protecting the internal 
surfaces of well equipment from corrosion. 
Now, research and field testing bring you a new technique for longer-lasting 
protection. This technique of squeezing with Corban involves pumping 
rf Corban into the producing formation. It is then slowly produced back with 
ails normal production over several months, plating out in a 


cotia protective film over metal well equipment. 
. He To date this new approach to the use of Corban for corrosion control 
r of has been even more successful than anticipated. 
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i. a Case History of new 
OTa- om FF i 7 
Due: | ~ § Squeeze Technique with Corban 
on | 
res. co : s Production from this particular gas condensate well is 
e is r4 e : about 10 MMCF per day, with about 150 bbls. of 
ting = : distillate and about one barrel of water. The squeeze 
lysis = : RR a OEE ’ treatment with Corban was performed by pumping 
ities co WATER SAMPLE ANALYSIS: j 50 gallons of Corban 101, mixed with 30 gallons of 
with Ff =—=PPM CORBAN fresh water, into the formation. This mixture was 
a == PPM IRON ‘ displaced with condensate and then over-flushed with 

arch £ Pee oe es : 12 bbls. of condensate. 
Tork = ees Cieeee a All of the pumping was done at a rate of about 
rice- a one barrel per minute. The maximum surface pressure 
ples was 5000 psi as the Corban was entering the forma- 
1ave tion. The pressure while the condensate was pumped 
the into the formation was 4000 psi. No adverse effects 
man on production were noted following the treatment. 
ittee Corrosion protection was provided for 16 weeks— 
man without having to open up the well for subsequent 
son inhibitor treatments during this period. 
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tral Let us recommend a program of well treatment 


en- TIME IN WEEKS SINCE SQUEEZE designed especially for your wells. Call any of 
the 165 Dowell offices in the United States and 
Canada. In Venezuela, contact United Oilwell 
Service. Or write Dowell Incorporated, Tulsa 1, 
Oklahoma. 


Services for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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EERE LL INE LE 


CORROSION RESEARCH 


For “pioneering” studies on corrosion 
of unique ceramic materials offering 
promise for both chemical and metal- 
lurgical uses, together with studies on 
corrosion of zirconium and its alloys. 
Will include not only aqueous solu- 
tions but also fused salts and metals. 
Experience in corrosion testing help- 
ful but not essential; degree in chem- 
isty, physical chemistry, metallurgy, 
or chemical engineering desired. Right 
young man can grow into position of 
responsibility in expanding R&D pro- 
gram on materials for nuclear energy. 
Write to: 


Howard D, Pilkey 


Manager, Salaried Personnel 


THE CARBORUNDUM COMPANY 
NIAGARA FALLS, NEW YORK 


SUUAUDEUUANUNTANUENU EAU ENN OUA HSU ESU EAU ESU EAU ESU EAA EA EA AEA EAE 


CORROSION 
RESEARCH 


We have openings for 
Corrosion Engineers 
Chemical Engineers 
Metallurgists 
Physical Chemists 


Electrochemists 
At these levels 


B. S. 
M. S. 
Ph. D. 


In applied and funda- 
mental corrosion research 


Telephone collect, wire or write 


MR. O. E. ROMIG 


U.S. STEEL CORP. 


Research Center 
Monroeville, Pa. 
Phone: Pittsburgh Electric 1-3100 
SHUN VUVAVAVADUEAUATA CATE ANETTA AAA 


AUTTUEU TE GU TEEN TEA TA EU TET EA EAT EA TEE 


SAYA DENDNUEETULUADUA TAN EA EN EAL ENTE ATT EA EU ESTA EA EAE 


POSITIONS WANTED 
and 
AVAILABLE 


@ Active and Junior NACE members and 
Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over 35 words set in 8 point text type. 


@ Advertisements to other specifications will 
be charged for at $10 a column inch. 


Positions Wanted 


Corrosion Engineer—Supervisory ex- 
perience in metal inspection control and 
development laboratory and _ corrosion 
testing and mitigation. East or Mid- 
west. CORROSION, Box 57-2. 


Administrative Corrosion Engineer— 
Good progress record covering labora- 
tory evaluation, technical reporting, 
sales-service, manager of phosphate 
coating manufacturing plant. Presently 
supervisor surface treatment corrosion 
lab covering missile systems. Resumé 
upon request. CORROSION, Box 57-1. 


Corrosion Engineer with eight and one- 
half years of valuable corrosion experi- 
ence. Experienced in application and 
managing corrosion program. Interested 
in making move. CORROSION, Box 
57-3. 


Positions Available 


Corrosion Engineer for Synthetic Tex- 
tile Plant, Carolinas area, familiar with 
theory and application of chemical plant 
corrosion control and inspection tech- 
niques. Excellent opportunity, salary and 
fringe benefit program. Write, stating 
experience, education and salary desired 

Amato, P. O. Box 1001, Rock 
Sic, 


ENGINEERS 


With one to five years’ experience in any 
phase of industrial operations. ME or ChE 
degree required. Excellent working conditions 
in nation’s most modern oil refinery. Out- 
standing employee benefit programs, good 
housing and schools. 


Write, Wire or Telephone 
Employee Relations 
Department C 
Delaware Flying A Refinery 
Tidewater Oil Co. 

Delaware City, Del. Phone TAylor 4-4581 


CORROSION RESEARCH 


The expanding programs of our Metals 
Research Department offers an excel- 
lent opportunity for a creative individual 
with several years of corrosion experi- 
ence, He should be a U. S. citizen and 
have at least a B.S. degree. This assign- 
ment offers compensation to match your 
qualifications; research activity that 
challenges your imagination; in addition 
to an exceptional opportunity for pro- 
fessional and personal growth. 

Liberal benefits include tuition-free 
graduate study plus generous relocation 
allowances. Send complete resume to: 


J. A. Metzger 


ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 
10 West 35th St. 
Chicago 16, Illinois 


Vol. 13 


Magnesium Cased Inhibitors 
Give Good Results in Salt 
Water Producing Wells 


It has been reported to Unit Com- 
mittee T-1B on Condensate Well Co-- 
rosion that magnesium cased inhibit r 
sticks used in salt water producing 
wells give about the same results is 
conventional chemical treatment. 

During a discussion concerning opt- 
mum percentage of active material i 
concentrated inhibitors it developed th:t 
some think materials with a low active 
content will perform as well as those 
more concentrated. 

The committee is of the opinion thet 
lubricators and pumps suitable for ir- 
troducing inhibitors into wells wit, 
shut-in pressures in the neighborhood 
of 10,000 psi are available, but that 
lubricators for christmas trees of parai- 
lel string dual completions are not 
readily available. Some members re- 
ported successful well completions 
using macaroni tubing for introduction 
of liquid inhibitors into the well bore. 
The committee plans to assign a task 
group to assemble and correlate infor- 
mation on completion and production 
practices, material used, corrosion con- 
trol measures and any other information 
considered useful to an operator faced 
with completing wells with shut in pres- 
sures near 10,000 psi. 

Several members of T-1B have ex- 
pressed concern over corrosion-abrasion 
of the lower tubing string opposite the 
upper perforations of parallel string 
dual completions. The usual practice 
has been to coat this section with lead 
or an epoxy material. One member re- 
ported inspecting epoxy coated material 
after nine months’ service and finding 
it in good condition. 


Improved Methods Urged 
For Using Inhibitors 


Improved methods of using the many 


effective commercial inhibitors now 
available should be emphasized now, 
members of Unit Committee T-1C on 
Sweet Oil Well Corrosion believe. This 
does not diminish the importance of the 
film persistence factor, which predomi- 
nantly determines success or failure or 
reduce the need for further investiga- 
tion of persistence in sweet oil wells, 
the committee thinks. 

Pumping inhibitors into the produc- 
ing formation has received considerable 
attention recently. At least one com- 
pany using the method feels it works 
well in wells producing less than 500 
barrels of water a day, but when water 
volume exceeds 1000 barrels a day, it 
is not very advantageous because of the 
need to apply treatment frequently. 

Iron content is the main criterion in 
determining when wells should be re- 
treated, but equipment failure is used in 
evaluation. Life of tubing has doubled 
in some cases, but the best indication 
of success is the reduction in the num- 
ber of tubing joints that must be 
replaced. 


Good Results Reported 


Another company has reported using 
this method in a well making 1000 bar- 
rels per day. The well was “squeezed” 
with one drum of weighted inhibitor 

(Continued on Page 85) 
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February, 1957 


Corrosion in Pipe Line Oil 
Wells With Static Water 
Levels Reported to T-1C 


Corrosion has been found in pipe line 
il producing wells which have a static 
ater level. A member of T-1C on 
weet Oil Well Corrosion used bottom 
ole pressure surveys to determine cor- 
sion while caliper surveys run in a 
‘w wells in one field showed corrosion 
as not confined to the portion contain- 
g water. Salinity of the water was not 
etermined. 

Several other members of the com- 
littee reported static water in some of 
ieir pipe line oil wells. One showed 
»rrelation to corrosion, and this mem- 
er found corrosion at depths where 
‘rater could be coalescing in the oil 
ad falling back, 


improved Methods— 
(Continued From Page 84) 


slowed with 160 barrels of water. 
\fter 40 days the iron remained fairly 
onstant at 6 ppm compared with 31 
pm for the untreated well. 

One member reports using magne- 
ium sticks as weights to get inhibitors 
o well bottoms. When a low volume 
vell producing 15-20 barrels of water 
ind about the same amount of oil was 
reated with two sticks twice a week, 
. 75 percent reduction in iron content 
was obtained. The treatment was con- 
sidered successful but was discontinued 
because pieces of magnesium were com- 
ing back up the tubing and clogging the 
chokes. It was concluded that a limiting 
factor to the use of magnesium weighted 
sticks may be the produced water vol- 
ume needed to dissolve the magnesium. 

The liquid type dump bailer method 
of treating has been used extensively 
in some areas as was reported in the 
December issue of CORROSION on 
page 100. 


Chemical Pump Is Successful 

One member reported use of a truck- 
mounted chemical pump for slug treat- 
ment at an average cost of 3 cents per 
barrel of oil. When used in a field with 
50 pumping wells a reduction in well 
pulling of 54 percent was obtained, bet- 
ter than had been accomplished by any 
other method. 


Roach Heads— 
(Continued From Page &2) 


Pipe Line Corporation, Houston, chair- 
man of the South Central Region Com- 
mittee T-7D has already added an area 
committee to his unit activities. This is 
the T-7D-1 Housten Section Corrosion 
Coordinating Committee which has been 
in existence since October 1955. 

Irwin C.  Dietze, Department of 
Water & Power, Los Angeles, Califor- 
nia, chairman of the Western one 
Committee T-7E is assessing coordi- 
nating committee activities in his region. 

Mr. Fouts and Mr. Erickson are 
shown on the cover of this issue of 
CorroOsION studying the Report of The 
Correlating Committee on Cathodic 
Protection published in 1951. Plans are 
underway to revise the report so it can 
be included in T-7 recommendations at 
the committees meeting to be held in 
St. Louis March 13, first meeting of 
the group committee. 


TECHNICAL COMMITTEE ACTIVITIES 


- Cet those - %, A Call in a 
chromates directly * service company using * 
from DIAMOND! .” \ DIAMOND chromates! / 


/ ck ENGINEER N 
___Plant No No. J 


— SSSA 


darcy Abs 


Either way, you control corrosion 


Run your own corrosion control program. Or get a reliable 
service organization for this important job. Either move is 
the right one if you, or your service people, use high quality 
DIAMOND corrosion control chemicals — sodium chromate 
and sodium bichromate. DIAMOND delivers them quickly from 
strategically located, ready-to-ship stocks. 

Get technical help from DIAMOND, too, or service on problems 
involving corrosion control. Call your nearby DIAMOND sales 
office or write DIAMOND ALKALI COMPANY, 300 Union Com- 
merce Building, Cleveland 14, Ohio. 


, Diamond 
“ass Chemicals 
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THE BIG NEWS OF THE YEAR 


The tape that takes the 
problems out of pipe coating 


(THE ORIGINAL POLYETHYLENE TAPE BY POLYKEN) 


BBE SE 


3. LOWER—no setting # 





2. WRAP—no heating 


Photograph of the Houston Contracting Co. spread on American-Louisiana’s 122-mile lateral from Defiance, 
Ohio, to Bridgman, Michigan. Houston operated under a joint contract with the H. C. Price Co. 


Pipe line companies and contractors are discovering | Also ideally suited for above and below 
all these cost-cutting advantages of Polyken Tape: ground small-diameter applications, elbows 


1. Tremendous labor and equipment savings because of simpli- and compressor station protection. 


fied operation. 
Faster coating—consistent high daily output. To talk over your project—write, wire 


No hot dope preparation—tape is ever ready. or phone Polyken Sales Division, 309 
No cooling or drying time. W. Jackson Bivd., Chicago 6, Illinois. 
- Vastly reduced warehousing, shipping, handling costs. 
cme an oe - . . Webster 9-7100. 
. Liabilities virtually eliminated—no fumes, no burns, no need 
to worry about human and livestock hazards. Complete catalog, Sweet’s Industrial 


Wrap goes into ground in factory-uniform condition. Construction File, Sec z 
' - 


® 
Do} U ke PROTECTIVE COATINGS 
The Kendall Company, Polyken Sales Division 
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NACE NEWS 


™ 


BALTIMORE SECTION heard Kenneth Tator, Tator Associates (seated, second from left), talk 
on Organic Coatings for Corrosion Protection at its November 27 meeting attended by 34 members 
and guests. Others in the photograph are, standing, left to right: A. C. Burton, Armco Steel Corp., 
1957 secretary-treasurer; W. J. Mayer, A, N. Byers Co., 1957 chairman; George E. Best, Mutual 
Chemical Division, Allied Chemical and Dye Corp., regional director; seated, left to right, J. H. 
Parran, 1956 vice-chairman; Mr, Tator; B. J. Philibert, Olin Mathieson Chemical Corp., 1956 chair- 
man and Curtis H. Elliott, Jr., Davison Chemical Co., Div. of W. R. Grace Co., 1957 vice-chairman. 





Louisville ASM, Ohio Valley Section NACE 
Plan 5-Paper Symposium at Louisville Mar. 1 


A one-day, five-paper corrosion sym- 
posium sponsored jointly by Louisville 
Chapter American Society for Metals 
and Ohio Valley Section NACE will 
be held March 1 at General Electric 
Company’s Appliance Park in Louis- 
ville, Ky. 

The program will be as follows: 


Morning Session 

Fundamentals of Corrosion, Norman 
Hackerman, University of Texas, 
Austin. 

Corrosion of Stainless Steel, George 
Paul, The International Nickel Co., 
Inc. 

Afternoon Session 

Corrosion of Copper and Copper-Base 
Materials, A, W. Tracy, American 
Brass Co. 


Corrosion of Aluminum, M. J. Pryor, 
Kaiser Aluminum & Chemical Corp. 


Evening Session 
Protective Measures, W. W. Bradley, 
Bell Telephone Laboratories. 
Registration can be made with or in- 
formation obtained from D, C. Brown, 
Tube Turns, Inc., 2820 West Broadway, 
Louisville, Ky. 


Eastern Wisconsin Section 


D. H. Westermann, Miller Brewing 
Co., was elected 1957 chairman of East- 
ern Wisconsin Section along with E. A. 
Witort, Steel Sales Co., vice-chairman 
and Harold F. Haase, consultant, secre- 
tary-treasurer, all of Milwaukee 





NOTICE ON PAYMENT OF 1957 NACE DUES 


Invoices for 1957 membership dues have been sent to all Acitve and Junior NACE 
members. These dues are payable January 1, 1957. The NACE by-laws state that 
no member with dues in arrears for three months shall receive the publications 
of the association until such dues are paid. 

® Accordingly the names of Active and Junior members whose 1957 dues have 
not been received by March 30, 1957 will be removed from the mailing list to 
receive CORROSION. No mailings of CORROSION will be made to delinquent 


members until dues are paid. 
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Region Meets October 5-8 at Boston 


Technical Program 
And Committee 
Sessions Planned 


A two and one-half day technical 
meeting has been scheduled by North- 
east Region for October 5-8, 1958 at 
the Somerset Hotel, Boston. This meet- 
ing may be the first under a proposed 
new program for the region whereby 
only one meeting will be held each year, 
and that in the fall. The Greater Boston 
Section, which will have responsibility 
for the 1958 meeting has recommended 
to Northeast Region officers that the 
existing policy of holding spring and 
fall meetings be changed. 

Plans proposed for the 1958 session 
at a December 13 meeting of Greater 
Boston Section’s governing board in- 
clude: 

Sunday, October 5—Administrative 
board meetings. 

Monday, October 6—Registration. 
Morning and afternoon technical ses- 
sions; technical committee meetings. 

Tuesday, October 7—Registration. 
Morning and afternoon technical ses- 
sions; technical committee meetings. 
Evening dinner. 

Wednesday, 
technical sessions. 

No ladies’ program is contemplated. 

Monday and Tuesday sessions are to 
include topics of widest interest and 
the more specialized topics are to be 
given Wednesday, 

Chairmen of technical committees are 
urged to consider meetings of their 
committees during the conference, with 
the assurance that efforts will be made 
to set them at times when no closely 
related subject matter is under discus- 
sion. 

The section governing board has rec- 
ommended that the region adopt a policy 
of holding a meeting annually between 
the dates of September 15 and Novem- 
ber 30, beginning with 1958. 

Present for the discussion were; Ed- 
ward C. Rue, Boston Edison Co.; J. 
Dwight Bird, The Dampney Co.; Man- 
son Glover, Glover Coating Co., Inc. 
and Mssrs. Jacobson and Miller. 


Over 200 Attend Detroit 
Regional Meeting Nov.15-16 


More than 200 persons attended the 
NACE North Central Region First An- 
nual Meeting at Detroit November 15- 
16. Symposia were presented on the 
construction industry, industrial power, 
chemical industry and automotive indus- 
try. A number of registrants visited 
Chrysler Corporation’s Wyandotte 
Chemicals plant or the mine of the 
International Salt Company. 

W. H. Stewart, Sun Pipe Line Co., 
Beaumont, Texas spoke on “NACE 
Aims and Value to Members” at the 
Thursday night banquet. 





October 8—Morning 
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PERMIAN BASIN SECTION’S 1957 officers, installed at the section’s December 10 meeting are, 

left to right: Marion Ziober, Atlantic Refining Co., Midland, secretary-treasurer; Jack Collins, 

Continental Oil Co., Midland, first vice-chairman; Roscoe Jarmon, Cardinal Chemical Co., Odessa, 

second vice-chairman; H. W. (Jack) Gray, Sivalls Tanks, Inc., Odessa, chairman. John C, Watts, 

internal Pipeline Maintenance, Odessa showed a color motion picture film “How Successful Are 
Internal Pipeline Coatings and Why.” 





Oklahoma City Symposia Chairmen Are Named 


F. A. Prange Is Elected 
Tulsa Section Chairman 


The following officers have been 
elected to serve the Tulsa Section for 
1957: Frederick A. Prange, Phillips Pe- 
troleum Company, chairman; O. W. 


Everett, Oklahoma Natural Gas Com- 
pany, vice-chairman; Parke D. Muir, 
Dowell, Inc., secretary and Roger J. 


Norris, Koppers Company, Inc., treas- 
urer. 


COKE 
BREEZE 


Backfill for 
Anodes 


Ideally suited for use with anodes. Has a 
high carbon content and comes in sizes of 
Yg-inch x 0 to % x %-inch. In bulk or 
sacks. Prices on other sizes on request. 


National Carbon 
Anodes 
Magnesium Anodes 
Good-All 
Rectifiers 


Wholesale 


Coke Company 


PHONE BIRMINGHAM, ALA., 
GARDENDALE EXT, 3-2424 


P. O. Box 94 
MT. OLIVE, ALABAMA 
ANTLERS LALIT ATEN 





Chairmen of six symposia to be given 
during the October 1-4 South Central 
Region meeting at Oklahoma City have 
been named, Dan H. Carpenter, Aqua- 
ness Dept., Atlas Powder Co., general 
arrangements chairman also reported 
that the air-conditioned municipal au- 
ditorium will be used for both meeting 
rooms and the region’s second exhibi- 
tion. 

Technical program chairmen W. C. 
Koger, Cities Service Oi] Co., and L.A. 
Hugo, Phillips Petroleum Co., both of 


Bartlesville, Okla. announced the fol- 
lowing symposia would be held and 
named the chairmen responsible: 

Gas Distribution—O. W. Everett, 


Oklahoma Natural Gas Co., Tulsa. 
Oil and Gas Production—Jack L. 
Battle, Humble Oil & Ref. Co., Houston. 
Marine Corrosion—R. M. Robinson, 
Continental Oil Co., New Orleans. 
Cathodic Protection—Y. W. Titter- 
ington, Corrosion Service, Inc., Tulsa. 
Protective Coatings—L. G. Sharpe, 
Napko Corp., Odessa. 
Process Plants—W. G. Ashbaugh, 
Carbide & Carbon Chemicals, Texas 
City. 


Two NACE Short Courses 
Are Scheduled During 1957 


Two short courses on corrosion con- 
trol have been scheduled by NACE sec- 
tions as follows: 

Tulsa Section—Fighth Annual Tulsa 
Corrosion Short Course, Mayo Hotel, 
Tulsa, February 13-15. 

University of Oklahoma-Central Okla- 
homa Section—University of Oklahoma, 
Norman, April 2-4. 

Teche Section is considering a short 
course later during the year. 

Also scheduled for 1957 are the 
lowing short courses: 

Appalachian Underground 
Course—West Virginia 
Morgantown, June 4-6. 

University of Illinois Short Course on 


fol- 


Corrosion 
University, 


Corrosoion, University of Illinois, Ur- 
bana, December 9-13. 

e 
The 10-Year Index to Corrosion now 


available has more than 4000 reference 
phrases, 


Vol. Is 





NACE MEETINGS 
CALENDAR 








Feb. 

4 North Texas Section, Dallas. Use ot 

Glass Coatings in Combating Corro- 

sion, Forrest W. Nelson, A. O. Smith 

Corp. 

Philadelphia Section, Kel-F for Cor- 

rosion Control, Francis J. Honn, 

M. W. Kellogg Co. 

6 New England Section. Corrosion by 

Portable Waters, Samuel Jacobson, 

New Haven Water Co. 

Pittsburgh Section, National presi- 

dent’s and past section chairmen’s 

night. Gateway Center. 

12 Houston Section, John’s Restaurant, 
Houston. Corrosion Problems in the 
Communications Industry, W. 
Elley, Southwestern Bell Telephone 
Co., San Antonio. 

19 Chicago Section. Nickel Alloys and 
Their Uses, T. F. Drantz, Haynes 
Stellite Co. 

19 Cleveland Section. 
for Industry. 

20 Greater Boston Section. Design 
Against Corrosion, F. L. LaQue, 
The International Nickel Co., Inc. 

21 Detroit Section. Joint meeting with 
The Electrochemical Society, Mil- 
ton Stern, Electro Metallurgical Corp., 
Niagara Falls: Fundamentals of 
Electrode Processes in Corrosion. 

28 Sabine-Neches Section. Corrosion 
Problems in the Chemical Industry, 
Little Mexico Restaurant, Orange, 


wn 


N 


Atomic Power 


Texas. 

March 

4 North Texas Section, Dallas. De- 
sign for Corrosion, F. L. Whitney, 
Jr., Monsanto Chemical Co., St. 


Louis. 

Pittsburgh Section. Tour of U. S. 

Steel Corp. Research Center. 

18 Lehigh Valley Section, Keystone 
Trail Inn, Allentown, Pa. Fretting 
Corrosion, T. P. May, International 
Nickel Co., Inc. (Tentative) 

19 Cleveland Section. Copper and Its 
Alloys, Including Aluminum Bronze 
for Use in Corrosive Environments, 
I. S. Levinson, Ampco Metals, Inc. 

26 Central Oklahoma Section, 

28 Sabine-Neches Section, Little Mex- 
ico Restaurant, Orange, Texas. Cor- 
rosion in Recirculating Cooling 
Water Systems. 

28 Kanawha Valley Section, Kanawha 
County Airport, Charleston, W. Va. 
Report on Kanawha Valley Co- 
ordinating Committee on Corrosion 
and round table discussion on ca- 
thodic protection. 


N 


Jelen Discusses Economics 


At AIChE-NACE Session 


A joint meeting of the American In- 
stitute of Chemical Engineers and 
Genessee Valley Section NACE held 
December 5th was atended by approxi- 
mately 100 persons from both associa- 
tions. Frederic C. Jelen, of Solvay Proc- 
ess Division, Allied Chemical & Dye 
Corp. spoke on Comparison of Alter- 
natives by Capitalized Cost. 
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Shreveport Section 
Elects E. H. Sullivan 


E. H. Sullivan, United Gas Pipe Line 
Co., Shreveport has been elected chair- 
man of Shreveport 
Section for 1957. Mr. 
Sullivan, a member 
1f NACE since 
\pril, 1945 and con- 
inuously engaged in 
orrosion work since 
hat time, also is 
ctive in committee 
-1 and is a member 
f the Seahorse In- 
stitute. He is a 1939 
rraduate in Engi- 
ieering Administra- 
ion from Texas A 
& M College and a 
egistered Texas professional engineer. 

Other officers elected by the section 
were L. B. Morrow, senior corrosion 
‘ngineer for Interstate Pipe Line Com- 
pany, Shreveport and a registered Loui- 
siana_ professional engineer, vice-chair- 
nan; L. B. Irish, Irish Engineering 
Service, Shreveport, for five years cor- 
osion engineer with Arkansas- Louisiana 
Gas Co. before starting his own com- 
vany, secretary. Treasurer is John Stone, 
Sunray-Midcontinent Oil Co., formerly 
with Magnolia Petroleum Co. and 
Wright Chemical Company. 

Sidney E. Trouard, corrosion engineer 
with New Orleans Public Service, Inc. 
was scheduled to talk to the January 15 
section meeting on “Deep Ground Beds 
for Cathodic Protection.” 


Middle East Corrosion 
Problems Are Discussed 


Corrosion problems and solutions to 
corrosion problems peculiar to the con- 
ditions existing in the Middle East were 
explained and illustrated with color 
slides before a meeting at Mellon In- 
stitute of Pittsburgh Section January 3. 
The meeting followed an informal din- 
ner at the Royal York Hotel. L. P. 
Sudrabin, Technical Director of Electro 
Rust-Proofing Corp., Belleville, N. J. 
was the speaker before 48 members and 
guests. 

After the routine business of the sec- 
tion R, B. Hoxeng, United States Steel 
Corp., general chairman of the North- 
east Region meeting to be held in Pitts- 
burgh during the fall related current 
activities of subcommittee chairmen. 

Mr. Sudrabin, long active in NACE 
and other technical groups has returned 
recently from several months’ consult- 
ing on corrosion problems in petroleum 
production equipment, pipelines, process 
equipment, marine structures and ships 
in Lebanon, Syria, Jordan, Saudi Arabia 
and in the Caribbean. Unique corrosion 
problems were described (including un- 
usually severe buried pipeline penetra- 
tion in remote arid regions with soil 
resistivities of over 200,000 ohm centi- 
meters) which annually cause losses of 
several million dollars a year. 


Sullivan 


Cleveland Hears Fontana 


M. G. Fontana of Ohio State Uni- 
versity presented a paper on Corrosion 
and Its Prevention to approximately 60 
members and guests attending the De- 
cember 18 meeting of Cleveland Section. 





NACE NEWS 


Federated’s interest in corrosion control is not limited to 
any single product. Our products cover the entire range of pro- 
tective non-ferrous metals. 


So when you need effective corrosion control, our recom- 
mendations are unbiased. Our metallurgists work with, and our 
plants produce, all of the following supplies: 


GALVANIC ANODES Magnesium and Zinc are designed and made 
by Federated to protect pipelines and other buried struc- 
tures ... to control corrosion of pilings, piers, ships’ hulls 
and ballast tanks exposed to salt water. 


LEAD SHEET, PIPE AND FITTINGS designed and fabricated by 
Federated for residential, general industrial and chemical 
handling applications. 


ZINC AND ZINC ALLOYS for galvanizing, die casting and other 
purposes... and zinc dust for paints. 


COPPER AND ALUMINUM ALLOYS for pipe, fittings, valves, roof- 
ing, screening, pole line and marine hardware. 


PLATING MATERIALS include copper, lead, cadmium, zinc and silver 
anodes; nickel salts and addition agents for plating baths. 


Call Federated for practical corrosion advisory service. Let 
us provide you with the most efficient and economical solution to 
your specific corrosion problem. 


Bh Sede Milala & 


Division of 


120 Broadway + New York 5. N.Y. 


89 


BUY the protection you need 
.. not what you are SOLD! 








AMERICAN SMELTING AND REFINING COMPANY 
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appropriate statement of the basis of the proposal. 


NACE, 1061 M & M Bldg., Houston 2, Texas. 





lay Pipelines Faster with 
RUBEROID LIGHTWEIGHT IMPERIAL 


Glass Fiber Reinforced Asbestos Pipeline Felt 


Ruberoid’s new Lightweight Imperial Pipeline Felt—reinforced 
with glass threads—is thinner, lighter, easier to handle. With 
more felt coverage per roll there are fewer machine stoppages 
for loading. Lightweight Imperial means a faster job from start 
to finish. 


Because of the tough but light glass threads that are added to 
it, Lightweight Imperial has a greater tensile strength per pound 
than ordinary felt. And most important of all it’s lower in cost. 
For extra savings in wrapping pipelines, investigate the lower 
cost, easier handling, greater strength and faster application 
of Ruberoid Lightweight Imperial Glass 

Fiber Reinforced Asbestos Pipeline Felt. 





WwW 
The RUBEROID co. 


ASPHALT AND ASBESTOS BUILDING MATERIALS 


Nominations for the 1958 Whitney and Speller Awards 


The Willis Rodney Whitney Award is given in recognition of public contributions to the science of cor- 
rosion. A contribution to science is defined as the development of new information or the development of 
a more satisfactory theory which contributes to a more fundamental understanding of corrosion phenomena. 

The Frank Newman Speller Award is given in recognition of public contributions to corrosion engi- 
neering. A contribution to engineering is defined as the development or improvement of a method, 
apparatus or material by which the control of corrosion is facilitated or made less costly. 

Nominations may be made by local sections or may be proposed directly to the Chairman of a Region 
by individual members up to June 1, 1957. In any case, nominations should be accompanied by an 















Procedure in the Selection of Persons to Receive these awards was published beginning on Page 98 
of the March, 1956 issue of Corrosion, or anyone interested may get a copy by writing to Central Office 


Toronto Section’s Annual 
Meeting Set Feb. 28—Mar. | 


The 1957 annual meeting of Toront 
Section will be held Thursday and Fri 
day, February 28-March 1 in the Foun 
tain Room of the King Edward Hotel, 
Toronto. 

A tentative program has been pro- 
posed to include: Fundamentals of Cor- 
rosion, by Dr. Wetmore, University oi 
Toronto; a talk by an engineer of Trans 
Canada Pipe Line and a talk on cor- 
rosion control in underground struc 
tures, sewage disposal plants, wate: 
works systems, chemical plants and 
refineries. 

Also considered are short talks on 
application of and merits of Transite 
pipe, pressure concrete pipe, cast iron 
pipe and steel pipe. 


Central Oklahoma Section 
Elects E. G. Stevens 


E. G. Stevens, Dowell, Inc., Norman, 
Okla. has been elected chairman of Cen- 
tral Oklahoma Section for 1957. Also 
elected were R. V. James, University of 
Oklahoma, Norman, vice-chairman; M. 
F, Hill, Jr., Greene Bros., Inc., Okla- 
homa City, secretary-treasurer and Dan 
H. Carpenter, Aquaness Dept., Atlas 
Powder Co., Oklahoma City, trustee. 

The December 18 meeting of the sec- 
tion, attended by: approximately 25 mem- 
bers and guests, was held at the Tropica) 
Cafeteria, Oklahoma City. 

Frank James, Allied Paint Mfg. Co. 
spoke on Coal Tar-Epoxy Combinations 
which aroused much interest and was 
followed by a very active discussion 
period. The next regularly scheduled 
meeting was January 22 when Frank B. 
3urns of Kerr McGee Industries was 
scheduled to speak on Field Coating and 
Wrapping Pipe Lines. 


Teche Section Names 
O. L. Bassham Chairman 


The following were elected officers of 
the Teche Section for 1957 and assumed 
office January 31: O. L. Bassham, Treto- 
lite Company, chairman; J. F. Shofner, 
Aquaness Corp., vice-chairman; Frank 
L. Rhoades, Jr., Otis Pressure Control, 
Inc., secretary-treasurer, and George M. 
Harper, Union Oil Company of Cali- 
fornia, trustee. 

® 


Libraries of educational institutions may 
subscribe to Corrosion for $4 a year. 
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|| CUT HOURS AND DOLLARS FROM 
AINTENANCE PAINTING = 


The use of Tygorust Primer on rusted 













































metal or on concrete surfaces adds 
three plus factors to the maintenance 
painting program. These are: 

(1) reduction in time, (2) reduction 

in labor and (3) reduction in cost. 


Damp or dry rusted surfaces may 








el 
be successfully Tygorust-primed for 

Z painting without sandblasting or 

ol other slow costly surface preparation. 

a Simply remove loose rust and scale 

1c . . . and you’re ready to prime 

. with Tygorust. Its unique penetrating 
action goes through damp or dry 

i rust and bonds securely to the 

on steel itself. 
Damp concrete usually must be dried 
out before priming with ordinary 
primers. But with Tygorust you 

an, merely brush off dust and dirt and 

oo brush on Tygorust. It’s ready to 

of topcoat in an hour or two. 

M. 

~ Tygorust is applied in the conven- 

las tional manner and provides 

sy econemical coverage. It is quick- 

m- drying and assures excellent 

cal adhesion for any type of finish 

Co. including vinyl base coatings. 

yns 
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B. 
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THE TYGON PAINT MANUAL 
Thirty pages filled with helpful tips on 

of maintenance painting; from surface 

ed preparation to Adjustment, Care and 

to- Cleaning of Equipment. Send for your 

er, free copy today. 

nk 

‘ol, 

M. 


ili- 
PLASTICS AND 
SYNTHETICS DIVISION AKRON 9, OHIO 
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Sprayed Coatings Covered 
In Talk at Detroit 


Approximately 35 members and guests 
at the December 13 meeting of Detroit 
Section heard S. J. Oechsle, Jr., Metal- 
weld Inc., Philadelphia discuss Sprayed 
Coatings—( Metallic and Non-Metallic) 
to Prevent Corrosion. Mr. Oechsle dealt 
with the history, application and uses of 
metallic spray and organic and ceramic 
coatings, emphasizing their application 
and utilization. 

It was announced that the following 
officers were elected to serve the sec- 
tion during 1957: Walter R. Cavanagh, 
Parker Rust Proof Company, chairman; 
Robert P. Marshall, Saran Lined Pipe 
Company, vice-chairman and L. W. 
Gleekman, Wyandotte Chemical Com- 
pany, treasurer. 


gs 2 ” 


Houston Section to Hear 
Discussion by W. W. Elley 


Corrosion Problems in the Communi- 
cations Industry will be the topic of a 
talk by W. W. Elley, Southwestern Bell 
Telephone Co., San Antonio before a 
meeting of Houston Section February 
12. 

At the January 8 meeting a_ panel 
discussion on “Corrosion by Recircu- 
lating Cooling Water,” was carried on 
by Charles P. Dillon, Carbide and Car- 
bon Chemicals Co., Texas City, mod- 
erator; A. R. Pettyjohn, Union Carbide 
and Carbon Co., Texas City and L. M. 
Rogers, Carbide and Carbon Chemicals 
Co., Texas City. 

a 
Public libraries may subscribe to Corro- 
SION at $4 a year. 


20-foot power-augering equipment operated by CSI. 


350 MILES OF BARE PIPE 
PROTECTED WITH GALVOMAGS 


This company asked for competitive bids on protecting 350 miles 
of bare pipeline that ran across three states. CSI was awarded 


the 


turnkey installation contract. 


Only Galvomags, Dow’s high-potential magnesium anodes, were used. 
Several thousand of these anodes were furnished by CSI. 


All chaining, pipe locating and installation was done by CSI. 
Care was taken to hold crop and surface damage to a minimum. In 


towns, sod was carefully replaced. 


Power-augering equipment and ditching machines were furnished 


by CSI. 


It will pay you to get the CSI story. Stockholder-employees, 
experienced engineers and trained crews are your assurance of 


a quality installation job. 


Call or write today. Ask also about CSI’s engineering services 
and complete line of name-brand cathodic protection materials. 


Csi) 


P. O. Box 7343, Dept. A2 


CORROSION SERVICES 
INCORPORATED 


Tulsa, Oklahoma 
Telephone: Circle 5-1351 


Vol. 13 


NATIONAL, REGIONAi 
MEETINGS and 
SHORT COURSES 


Mar. 11-15—NACE Annual Conference 
Kiel Auditorium, St. Louis, Missouri, 


May 20-22—Northeast Region Corrosio 
Control Conference, Syracuse Uni 
versity, Syracuse, N. Y 


Oct. 1-4—North Central Region, 
cago, Sherman Hotel. Exhibition. 


Oct. 1-4—South Central Region, Okla 
homa City, municipal auditorium. Ex 
hibition. 

Nov. 12-14—Northeast Region Fal 


meeting, Pittsburgh, Pa.. Penn-Shera 
ton Hotel. 


1958 


Mar. 17-21—NACE Annual Conference, 
Civic Auditorium, San Francisco, Cali- 
fornia. 


Chi 


October 5-8—Northeast Region, Somer- 
set Hotel, Boston, Mass. 


October 20-24—South Central Region. 
New Orleans, Roosevelt Hotel. 


1959 


NACE Annual Conference, Sherman Hotel, 
Chicago, Illinois. 


SHORT COURSES 


April 2-4—University of Oklahoma, Nor- 
man and Central Oklahoma Section 
NACE. 


February 13-15—Eighth Annual Tulsa 
Corrosion Short Course, February 13- 
15, Mayo Hotel, Tulsa. 


Cable Sheaths Discussed 
At Greater Boston Section 


At Greater Boston Section’s Decem- 
ber 19 meeting approximately 56 mem- 
bers and guests heard Vernon Pike, Bell 
Telephone Laboratories present a paper 
on Electrolytic Voltages of Underground 
Lead Cable Sheaths. Mr. Pike’s pres- 
entation was followed by an active dis- 
cussion period with questions from 
many guests connected with the utilities 
industry. 

Next regular meeting of the section 
will be Wednesday, February 20 at 
Hotel Beaconsfield, Brookline, Mass. 


S. F. Spencer Is Elected 


The following officers were elected for 
1957 by Philadelphia Section: S. F. 
Spencer, Keystone Shipping Company, 
chairman; Walter W. Burton, General 
Chemical Div., Allied Chemical & Dye 
Corp., vice-chairman, and Robert S. 
Mercer, Pennsalt Chemicals, secretary- 
treasurer. 


Illinois U. Short Course 


A short course on corrosion control 
will be held December 9-13 at the Uni- 
versity of Illinois, Urbana, 
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Stop Corrosion Loss 


Out in the Gulf, adequate corrosion control is often the difference 
With COPON Coatings 


between profit and failure. Faced with tremendous odds and sky- 
rocketing equipment costs, operators can’t afford to share in industry’s 
annual $8 billion loss to corrosion. So, on rig after rig, they have 
stopped corrosion with Copon coatings scientifically developed to 
¢ Plant Structures meet the unusual conditions that exist at offshore locations. 
Copon coatings provide matchless protection for costly offshore 
Production Machinery equipment . . . below the water-line, above the water-line, and in the 
critical splash area. They adhere tenaciously to metal, form thick 
Oil or Chemical Storage Tanks films for superior protection of seams, welds and sharp edges, and 
| resist the abrasive action of workboats tied alongside the structures. 
Subjected to conditions that break down conventional coatings in 
months, Copon coatings provide years of protection. 
Why not use Copon to solve your corrosion problems? A com- 
plete technical service is available. Write today for details. 


Scientifically Developed for... 


Pipelines—External or Internal 


All Types of Vessels 


For complete information on Copon, write on your 


company letterhead to the manufacturer located nearest your city. 

ALLIED PAINT MFG. COMPANY COAST PAINT & LACQUER CO. 

P.O. Box 1088, Tulsa, Okla. P. O. Box 1113, Houston 1, Texas 

po yg th St ENTERPRISE PAINT MANUFACTURING CO 
. Firs u ‘ . Ash Ave., Chi , 

Salt Lake City 10, Utah 2841 S. Ashland Ave., Chicago 8, I! 

HANNA PAINT CO., INC. 
WALTER N. BOYSEN CO. poe 
® 42nd & Linden Sts., Oakland 8, Calif. HCeerheer Doe At amamaae 
2309 E. 15th St., Los Angeles, Calif. ' Pr 


BRITISH AMERICA PAINT CO., LTD. KOHLER-McLISTER PAINT CO. 


tetort P. O. Box 546, D 1, Colo. 
FO R Co RROSI oO N co N TRO e P. O. Box 70, Victoria, B. C., Canada OX enver olo 
BROOKLYN PAINT & VARNISH CO., INC. McDOUGALL-BUTLER CO., INC. 
50 Jay Street, Brooklyn 1, N. Y. 2929 Main St., Buffalo 14, New York 


JAMES B. SIPE and COMPANY, INC. 
P. O. Box 8010, Pittsburgh 16, Pa. 
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Railroad Corrosion News 


Letter. Is Published 


Articles on coatings, stainless steel 
passenger cars, typical railroad corro- 
sion problems, polyethylene linings, aus- 
tenitic stainless steels, fuel oil ash cor- 
rosion and others are included in Vol. 4, 
No. 2 of the Railroad Corrosion News 
Letter issued November 1956. The pub- 
lication is issued by T-3E on Railroads. 


S. K. Coburn is editor. 


Radioactive Tracers Topic 
At Los Angeles Meeting 


Radioactive Tracer Techniques in 
Corrosion was the scheduled topic of a 
talk by M. T. Simnad, General Atomic 
Division, General Dynamics Co, -at a 
January 23 meeting of Los Angeles 
Section. Scheduled also was installation 
of new Western Region officers and 
nomination of new officers for Los An- 
geles Section. 


Vol. 13 


Titanium Conference Set 


A five-day conference on titanium to 
be presented by the recently organized 
Metals Engineering Institute of Ameri 
can Society for Metals will be featured 
on the technical program of the 10t! 
Western Metal Congress, March 25-26 
Ambassador Hotel, Los Angeles. Anto: 
D de S. Brasunas, director of the in 
stitute, has charge of the program. 
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cathodic protection service 


Twenty cathodic protection 
engineers with a combined 
total of over ge ee —_ 
ence available 

with ABILITY ae INTEGRITY. 


Houston, 4601 Stanford St. 
BRANCH OFFICES 
Tulsa * New Orleans * Corpus Christi * Denver 







CATHODIC PROTECTION 
Surveys * Designs * Engineering 
Pipe Lines * Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems * Barges 
CORROSION RECTIFYING CO. 


5310 ASHBROOK ST. MOHAWK 7-6659 
HOUSTON, TEXAS 


_(Corrosion Control Systems 
) “DESIGNED, INSTALLED, and MAINTAINED 
Consultation on all types of metallic 


structures; corrosion surveys; de- 
signs; plans and specifications. 


corrosion control ine. 
823 So. Detroit * Tulsa * CH 2-7881 


CORROSION SERVICE LIMITED 
Offers in CANADA 


A Complete Service in Corrosion Engineering 
Design and Installation of Cathodic Protection 
Systems. 

Resistivity oun Electrolysis Surveys 
Selection and Application of Protective rr 


17 Dundonald St., Toronto, Canada 


Corrosion Engineering 
Surveys, Designs and 
Specifications 
Construction Supervision 


EBASCO SERVICES 
INCORPORATED 
TWO RECTOR ST. NEW YORK 6, N.Y 


CHICAGO » DALLAS © PORTLAND, ORE. » WASHINGTON, D.C 


Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 

Cathodic Protection Design 
Plans ° Specifications 
Electrolysis Control 

Testing 


BELLEVILLE 9, NEW JERSEY 
Atlanta * Chicago * Dallas * Monrovia 














ENGINEERING DIRECTORY | 













@ Complete 
CATHODIC PROTECTION 


Systems . . . service for special ap- 
= water tanks and pipe 
ines 


HARCO CORPORATION 


16901 Broadway Cleveland, Ohio 





CORROSION ENGINEERING 


SURVEYS @ DESIGNS @ SPECIFICATIONS 
Impartial Evaluation 


THE HINCHMAN 
CORPORATION 


Engineers 
Francis Palms Bidg., Detroit 1, Mich. 





Cathodic Protective Systems 
Designed and Installed 


Corrosion Surveys; Consultation On All 
Types of External Pipe Line Corrosion. 


Huddleston Engineering Co. 
Bartlesville Oklahoma 





n. uansoer assouans Ty 


CORROSION CONTROL ® ENGINEERING ® CATHODIC PROTECTION 
corrosion and electrolysis surveys 
designs 
plans and specifications 
consulting and testing | 


?.0. BOX 541 HERMOSA BEACH, CALIF 


CORROSION ENGINEERING 
Consulting Surveys 
CATHODIC PROTECTION 
Design & Installation 


Plastic Engineering & fates Corp 
Box 1037 . Worth, ten. 
WE seso * 












FRANCIS W. RINGER ASSOCIATES 


; 
®@ Consulting 
Corrosion | 





Engineers 
7 Hampden Ave. MOhowk 4-2863 
NARBERTH (Suburb Phila.) PENN. 


Engineering 
Company 


PROVED EXPERIENCE 


In Installation, Field Survey, De- 
YOUR sign of Rectifier and Galvanic 
SHIELD. Anode Systems. 


AGA 
CORROSION You Can Rely on Rio 
3815 Garrot @ Houston @ JA 6-1259 


A. V. SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
ON CORROSION PROBLEMS 


Essex Bldg. Mohawk 
Narberth, Pa. 4-3900 


SOUTH FLORIDA TEST SERVICE 
Testing—Inspection—Research— 
Engineers 


Consultants and specialists in corrosion, 
weathering and sunlight testing. 


4201 N.W., 7th St. + Miami 34, Florida 





WATER SERVICE LABORATORIES, INC. 
Specialists in 
Water Treatment 


Main Office, 423 W. 126 St., N. Y. 27, N. Y. 





Effective low-cost advertising in this directory is offered persons 


and firms functioning as corrosion engineers. Advertising for 


materials and equipment not accepted. Write for rates to: Adver- 
tising Manager, CORROSION, 1061 M & M Bidg., Houston 2, Texas 
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CROSSING INSULATORS & CASING SEALS ... 


et | ... FOR ANY JOB! 











Ot! 
2c 2 
[Ol ; 
in t ‘ : ae 
} ‘ 
~ ' ee 
| | Maloney Casing Seals 
a Zipper or Slip-on 
j 
| {| All neoprene used in the Maloney Seal 
i § (and insulator) is live resilient rubber. 
| — tt is the best rubber that can be 
compounded. 
4 
| x, 
The Maloney Model 55 
Crossing insulator 
é For all Sizes of Pipe 
, These insulators have superior insulation 
» qualities because of the low moisture 


absorption and the long life compound- 
ed into the neoprene. The wide steel, 
sled type runners make installation easy. 
The extra wide band affords a positive 
grip. Bonded metal-to-neoprene-to- 
metal, the runner insulates and also per- 
mits flexibility to compensate for pipe 
shifting. Ribbed neoprene lining can be 
' furnished if desired. 








é i Dee 
The Maloney Model 56; * 










Na 
| Cae 
' Casing Insulator | +.” 
Manufactured in sizes 
: from 2” through 12” — |. 


mews 





| Manufactured with neoprene, which iss * 
i vulcanized to the steel band core and“ .: 
to the rounded steel runners, there is no”. 
place to “short-out” between the casing .-*-' 
and the carrier line. The steel core is 
completely surrounded with neoprene 
and is bonded under heat and pressure 
to give the same strength as on army 
tank tread blocks. 


CUTAWAY 
OF INSULATOR 









F. H. MALONEY 
Houston, Texas Company 


® HOUSTON 





2301 TEXAS AVE. © FA3-3161 





“Something from the Irishman” 





LOS ANGELES @ TULSA e¢ OLEAN, N. Y. 
SINCE 1932— PRECISION IN RUBBER —~ METAL — PLASTICS 
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J-M Asbestos Pipe Line Felt 
provides rugged strength and 


long life for pipe line coatings 


Permits high-speed wrapping and 


effective protection for enamels 


Johns-Manville Asbestos Felt gives 
pipe line coatings the rugged 
strength that is needed to guard the 
enamel from years of soil action. It 
forms a stable coating to reduce the 
hazards of pipe line corrosion leaks 
and provides a sound foundation 
when cathodic protection is used. 
Inorganic asbestos felt is the only 
wrapper that has survived more 
than half a century of actual service 


JOHNS -MANVILLE 


Yi Johns-Manville 


conditions in all types of soils. 

J-M Asbestos Pipe Line Felt acts 
as a continuous sheath over the en- 
amel... guarding the coating from 
the effect of the shifting grip of the 
soil as it expands and contracts 
due to alternate wetting and drying. 
It resists the destructive action of 
bacteria, fungi and soil chemicals, 
thus assuring long life to pipe line 
coatings. 


J-M Asbestos Pipe Line Felt 
is available in two types 
for field application or 
mill wrapping 


Transhield® 
Asbestos Pipe 
Line Felt—for 
average soil 
conditions. 


#15 Asbestos 
Pipe Line Felt 
—heavy-duty 
material for 
severe soil 
conditions 
where a 
heavier 
material is 
desired. 


For further information about Johns- 
Manville Products for Pipe Line 
Protection, write to Johns-Manville, 
Box 14, New York 16, N. Y., in 
Canaaa, Port Credit, Ontario. 


ASBESTOS FELT FOR 
PIPE LINE PROTECTION 
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exhibition will be held. 


Kiel Auditorium, where technical meetings and 





68-Paper Technical Program Opens March 11 


Advance Program Mailed 


To Members of NACE 


An advance program for the 13th An- 
iual Conference and Exhibition was 
nailed during January to all NACE 
nembers. The program covered arrange- 
ments on the date of printing. Some 
‘hanges are anticipated before the offi- 
‘ial conference program is prepared. 

The technical program is as follows: 


Tuesday, March 12 
Morning 
Oil and Gas Production Symposium 
Chemical Industry Symposium—Part 1 
Afternoon 
Refinery Industry Symposium 
Protective Coatings Symposium 
Pipe Line Group Discussions 
Educational Lecture No. 1 


Wednesday, March 13 
Morning 
Corrosion Principles Symposium 
Chemical Inhibitors Symposium 
Afternoon 
General Corrosion Symposium—Part 1 
Chemical Industry Symposium—Part 2 
Cathodic Protection S¥mposium 
iducational Lecture No. 2 


Thursday, March 14 
Morning 
Pipe Line General Symposium 
Plastic Symposium 
High Temperature Symposium 
Afternoon 
Power and Communications Symposium 
High Purity Water Symposium 
General Corrosion Symposium—Part 2 
Educational Lecture No. 3 


Friday, March 15 

Morning 

General Corrosion Problems Roundtable 

Pipe Line and Underground Corrosion 
Problems Roundtable 


8 
decade 1945-54 CORRO- 
SION’s Technical Section included 
3591 pages of text, tables and photo- 
graphs. All articles are topically indexed 
in the 10-Year Index to CORROSION. 


During the 


Note This Important 
St. Louis Meeting 


It is important to NACE members to 
know what is going on in their associa- 
tion, The officers and directors of NACE 
urge all members to make a note of this 
important time and date: 

Wednesday, March 13 

11:30 a.m. 

Kiel Auditorium 

Assembly Hall No. 1 

2nd Floor, Northeast 
The association’s 1957 General Business 
Meeting will be held at that time and 
place. All NACE members are urged to 
attend to hear reports by NACE presi- 
dent, treasurer, executive secretary, 
Technical Practices Committee chair- 
man, Publication Committee chairman, 
Policy and Planning Committee chair- 
man, Regional Management Committee 
chairman, 
®@ Certain actions of the NACE Board 

of Directors will be submitted for 
ratification by the membership, 

Pian now to attend! 





Registration Hours at 
St. Louis Are Announced 


Registration arrangements have been 
made for the 13th Annual NACE Con- 
ference as follows: 

Sunday, March 10—Mezzanine Floor, 

Sheraton-Jefferson Hotel: 2 pm-5 pm. 
Monday, March 11—Mezzanine Floor, 

Sheraton-Jefferson Hotel: 8 am-5 pm. 
Tuesday Through Thursday, March 12- 

14—Kiel Auditorium: 9 am-5 pm. 
Friday, March 15—Kiel Auditorium: 

9-10 am. 


€ 
Subscribers to the NACE Corrosion 
Abstract Punch Card Service may sup- 
plement classifications of abstracts by 
preparing duplicate cards of abstracts 
interesting to them. 

s 
Libraries of educational institutions may 
subscribe to CORROSION for $4 a 
year. 
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Some Technical 
Committees to 
Convene Sunday 


A symposia schedule with 68 techni- 
cal papers has been arranged for the 
13th Annual Conference and Exhibition 
at St. Louis, March 11-15. The technical 
schedule is so full that some technical 
committees will meet all day Sunday, 
March 10, in effect extending the con- 
ference another day. 

In addition to this there will be two 
round table sessions, each three hours 
in length and a demonstration for pipe- 
liners of the effects of various condi- 
tions affecting corrosion of metals un- 
derground as reflected in electrical 
potential measuring instruments. 

Simultanious with the technical pro- 
gram the annual exhibition will be held 
beginning Tuesday morning. 

There will be ample after-hours ac- 
tivity. The usual Fellowship Hour will 
be held; a cocktail party will precede 
the annual banquet, which will include 
informal dancing and_ entertainment, 
and a full program for ladies attending 
has been arranged. 

The technical program reflects in its 
diversity the broad interests of persons 
concerned with corrosion control, in its 
tieoretical, applicatory and manage- 
ment aspects. Every effort has been 
made to arrange the program to mini- 
mize conflicts among simultaneous ses- 
sions of related subject matter. The 
degree of success in this aim has been 
limited not only by the magnitude of 
the formal technical sessions, but by 
the number and diversity of technical 
committee meetings. 

A meeting of the Inter Society Cor- 
rosion Committee will be held. 

Meetings of the association’s standing 
committees: Regional management, policy 
and planning, publication and its sub- 
committees, editorial review and ab- 
stract, also will be held. As has been 
the custom in years past, several NACE 
groups at the regional or other level 
may take the opportunity presence of 
so many members at the conference 
offers and schedule meetings. 
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Fun, Music and Humor to Feature Banquet Entertainment 


EXHIBITION HOURS SET 


Hours during which the 13th Annual 
NACE Exhibition at Kiel Auditorium, 


St. Louis will be open to visitors are: 
Tuesday, March 12 through Thursday, 
March 14—9 am to 5 pm. 

Friday, March 15—9 am to Noon. 





Topical indexing of the 629 articles pub- 
lished in Corroston’s Technical Section 
1945-54 is provided in the 10-Year Index 
to CORROSION. 


Corporate Members’ Lunch 
At St. Louis Set March 12 


A meeting of corporate members of 
the National Association of Corrosion 
Engineers has been scheduled for 12:15 
pm on Tuesday, March 12 during the 
13th NACE Annual Conference and Ex- 
hibition. W. F. Fair, Jr.,. NACE presi- 
dent has asked corporate members to be 
prepared to make suggestions during 
the luncheon on ways in which NACE 
can be made more valuable to its mem- 
bership. 


Paint guards steel building 





eS mo 
BOS ats 


With RUSTARMOR® system —a rugged 
Inertol® long-oil alkyd resin enamel 
and primer—the exterior of an all- 
steel fertilizer mixing plant has been 
shielded against metal-corroding acid 
fumes. Thanks to RuSTARMOR, this plant 
—operated by Lincoln Service & Sup- 
ply Co., Grand Island, Nebraska — has 
for four years enjoyed maximum protec- 
tion with no upkeep expense. 


against corrosive fumes 


The RUSTARMOR system is especially 
designed to protect exposed metal sur- 
faces against rust, corrosion and all 
atmospheric conditions. It’s tough and 
long-lasting. And RUSTARMOR never 
turns sticky, because it’s hygroscopi- 
cally controlled. Available in dozens of 
glossy weather- and fade-resistant 
colors that protect your plant and keep 
it attractive for long, low-cost years. 


For more facts, get informative bulletin and color card C560. Simply write 
your name, title, firm name, address in margin of this page and mail. 


Inertol, a complete line of quality coatings 


> NERTOL CO., Inc. 


477 Frelinghuysen Avenue, Newark 12, New Jersey © 27A South Park, San Francisco 7, California 


Dance Music to Be 
Played During 
Annual Event 


Dance music will be heard during the 
13th Annual Banquet to be held in the 
Gold Room of the Sheraton-Jefferson 





Ross 


Hotel, St. 


the 
Wednesday, March 13. A full program 
of entertainment has been arranged. 
The usual program will be held, in- 
cluding the presentation of the Whitney 


Louis on evening of 


the Young 
dancing will 


and 
Informal 


and Speller Awards 
Author Award. 
follow the dinner. 

The entertainment will include rou- 
tines by the Varju Brothers (See illus- 
trations at top of page, left), novelty 
acrobatics and contortions by Chai and 
Somay, a Chinese young man and his 
wife (center) while Dick Balsamo, or- 
ganist (right) will play the organ at 
intervals between 7 and 9 pm. Also 
scheduled to perform is the comedy 
team of Arren and Johnny Broderick 
Miss Arren caricatures operatic prima 
donnas while Mr. Broderick 
the piano. 

Master of ceremonies for the enter- 
tainment will be Bob Holt, who also is 
a mimic. 

A cocktail 
banquet. 

Bonnie Ross leads the dance orchestra 

2 


assists on 


hour will precede the 


During the decade 1945-1954 CorrosIon’s 
Technical Section included 3591 pages 
of text, tables and photographs. All 
articles are topically indexed in the 10- 
Year Index to CorROSION, 
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ATIONAL GRAPHITE ANODES 


TRADE-MAR 


GIVE LASTING 
Cathodic Protection 


There can be no doubt as to the effectiveness of cathodic protec- 
tion in today’s fight against corrosion of buried or submerged 
metal structures. But how permanent is the protective system 
itself? Impressed current systems, using ‘National’ graphite 
ground anodes, give more positive, flexible, trouble-free and 
lasting protection than any other type. 

MANY “NATIONAL” GRAPHITE INSTALLATIONS ARE 
20 YEARS OLD AND STILL GOING STRONG! Put in 
“National” graphite anodes and they’re there to stay. One look 
at the rectifier gives top-side evidence that they’re working — 
how much current they’re discharging and at what voltage. 
Consult National Carbon Company or one of the many engineer- 
ing firms specializing in corrosion prevention. Discover this 
modern way to combat one of industry’s most costly enemies. 





The term‘ National” is a registered trade-mark 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, 
New York, Pittsburgh, San Francisco. 


IN CANADA: Union Carbide Canada Limited, Toronto 






TANK FARMS 


INDUSTRIAL PLANTS 


HEAT EXCHANGERS * PUMPS + VALVES + PIPING + TOWERS * TOWER PACKING + SULPHURIC ACID CUTTERS 


RAUCH UHM a Lt) RL) fa 

















Alexander Englehart 


McGeary McGlasson 


CORROSION- 








Hoar Mange 





Meyer Riggs 








General Corrosion Symposium to Include 
Two Afternoon Sessions of 4 Papers Each 


Two afternoon sessions will be held for the presentation of eight papers 
during the General Corrosion Symposium at St. Louis. E. G. Holmberg, 
International Nickel Co., Inc., Detroit, symposium chairman announced 
the following seven papers and their authors and said that the eighth 


paper will be committed soon. 


The General Corrosion Symposium will be held during the afternoons 
of March 13 and 14, Titles of papers, authors’ names and abstracts re- 


leased by Mr. Holmberg follow: 


Corrosion of Galvanized Steel in Contact with 
Concrete Containing Calcium Chloride by 
Clarence E. Mange, C. E. Mange Develop- 
ment Laboratory, St. Louis 

The severe and rapid corrosion of galvanized 

steel sheets, used as permanent forms in the 

construction of concrete floor and roof slabs has 
been investigated. 

The use of calcium chloride as a cold weather 

admixture for concrete has been accepted gen- 
erally and the use of galvanized steel sheets as 
permanent forms for concrete slabs has been 
approved on innumerable structures. Under cer 
tain conditions, however, the combination of 
galvanized steel in contact with concrete con 
taining calcium chloride has resulted in rusting 
and perforation of the metal forms. 
_ Of primary importance in these corrosion 
failures, is the addition of excess water in the 
concrete and the sealing of this water within 
the slab. Application of heat, either by radiant 
coils or otherwise, seems to accelerate the re- 
action, 


The Compatibility of Aluminum with Alkaline 
Building Products by C. J. Walton, F. L. 
McGeary and FE. T. Englehart, Alcoa Re 
search Laboratories 

During the past 25 years Alcoa Research Lab- 

oratories has conducted tests to determine the 

performance of aluminum alloys in contact with 

a wide variety of alkaline building materials. 

Results of these are summarized and discuss 

in conjunction with many service experiences. 

In the recent past, several specific investigations 

on the effects of concrete on aluminum alloys 

have been conducted and these are described in 
detail. Included are the results of evaluations 
on admixtures, cathode size in galvanic circuits, 
complete and cyclic immersion in water and 
stray currents. 

These studies indicate that aluminum alloys 
exhibit a good resistance to alkaline building 
products under normal conditions of service. 





Corrosion of Iron by Solid Solution in Its Sul- 
fides by F. H. Meyer, O. Riggs, R. I 
McGlasson and J. D. Sudbury. 


An end product of the corrosion of iron in 





aqueous H2S media has been recently identified 
as a crystalline material, FeoSs (kansite). Kan- 
site appears to form as a terminal product from 
a sequence of discrete iron  sulfides—pyrites, 
marcasite, melnikovite, smythite, pyrrhotite, 
troilite and hydrotroilite—which develop from 
the continuous solid solution of iron and/or 
sulfur with a preceding or succeeding sulfide 
member of the sequence. 

_ The formation of sulfides increasingly rich in 
iron cannot be explained satisfactorily by the 
electrochemical theory of corrosion. This theory 
fails also to account for the acceleration of H2S 
corrosion due to the formation of corrosion 
scales 

Solid solution of iron in iron sulfide products 
of electrochemical corrosion is presumed by the 
authors to provide a secondary corrosion source 
in addition to the established electrochemical 
corrosion source. The rates of diffusion of iron 
sulfides will be intensified because some, and 
possibly all, of them are defective structures. 

This kind of postulated mechanism has been 
used previously to describe the solid solution of 
iron into and diffusion through iron oxide cor- 
rosion products in high temperature oxidation 
systems. The cutcome in this case, too, is a 
multiple layer formation of a sequence of dis- 
crete iron oxides; here, however, subsequent 
layers become increasingly poor in iron. 

[he validity of the hypothesis concerning a 
secondary HeS corrosion source was checked by 
determining the corrosion rates of mild steel 
specimens treated with dry sulfides. 


Corrosion of Metals in Tropical Environments 
by Allen L. Alexander, Naval Research Lab- 
oratory. 

A long-term investigation is in progress in the 

Panama Canal Zone to study the corrosion rates 

and characteristic of fifty metal types exposed 

to five natural tropical media. This paper is a 

report on the behavior of six metals in the 

program during the first half of the contem 
plated sixteen year program. Replicate panels 
of lead, structural steel, aluminum, copper, zinc 
and nickel were removed from exposure after 


(Continued on Page 104) 
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Marshall 


Sudbury Walton 


BIOGRAPHIES 


ALLEN L, ALEXANDER—Acting Associate Superin- 
tendent of the Chemistry Division, Naval Research 
Laboratory and head of the laboratory’s protective 
coating branch, Dr. Alexander holds BS, MS and 
PhD degrees from University of North Carolina. He 
is active in ASTM, ACS and is a member of the 
Federation of Paint and Varnish Production Clubs, 
Washington Academy of Sciences and Research So- 
ciety of America. He has been chairman of the 
Baltimore Section, NACE and has headed programs 
at national NACE meetings and Western Region 
short courses. 


E. T. ENGLEHART—Has worked on fundamental and 
practical problems of corrosion and corrosion-preven- 
tion of aluminum alloys as a member of the Chemical 
Metallurgy Division, Alcoa Research Laboratories, 
Aluminum Company of America. He holds a BS in 
chemistry from Pennsylvania State University, 1943, 
when he joined Alcoa. Author of several papers on 
the corrosion of aluminum alloys, he is a member of 
NACE. 


T. P. HOAR—Lecturer in Metallurgy, Cambridge 
University, England, he is a consultant to several 
large companies on metallurgical problems including 
corrosion. He began research on fundamental corro- 
sion processes with Ulick Evans after graduation from 
Cambridge in 1930, receiving a PhD for this work in 
1933. He made a series of investigations on corrosion 
of steel, tin and tinplate for International Tin Re- 
search and Development Council and during 1939-45 
was occupied with research and development pro- 
grams in corrosion for British miiltary service depart- 
ments and for industrial concerns. 


CLARENCE F. MANGE—A consultant on metal fin- 
ishing and corrosion, he is a charter member of 
Greater St. Louis Section NACE. He has a BS and 
MS from Washington University in 1922 and is a 
registered professional engineer of Missouri. He is a 
member of numerous engineering and trade organ- 
izations. 


T. MARSHALL—Senior metalurgist at Dominion 
Laboratory, Department of Scientific and Industrial 
Research, New Zealand, he holds bachelor degrees 
in engineering and science from Otago University, is 
an Associate of the Institution of Metalurgists, and 
of the New Zealand Institute of Chemistry and a 
member of AIME. He works principally in corrosion 
research. 


EINAR MATTSSON—Chief of the Corrosion Research 
Section at AB Svenska Metallverken, Vasteras, 
Sweden. During the current academical year Dr. 
Mattsson holds a senior fellowship at the University 
of Pennsyvania where he is continuing his studies 
in collaboration with Prof. J. O’M, Bockris. He re- 
ceived the degree of Teknologie Licentiat (equivalent 
to PhD at most United States universities) from 
the Royal Institute of Technology, Stockholm in 1955 
after studies on the electrode kinetics of metals. 


F. L. MeGEARY—Has been working on corrosion of 
aluminum alloys, with special attention to the effect 
of non-metallic materials as a member of Chemical 
Metallurgy Division, Alcoa Research Laboratories, 
Aluminum Company of America since his discharge 
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How fo filter 


refined pipeline products 


...Without go much 
as lifting a finger ! 


Jet Strainers offer three distinct advan- 
tages over all others: 

(1) They strain all of the product... all 
the time, requiring minimum stand-by capac- 
ity. This means that it is never necessary to 
by-pass any of the dirty product. Thus, metal 
seals, bearings and other vulnerable pump 
parts cannot be damaged by solids entrained 
in the product. Metering equipment is likewise 
protected against damage. 

(2) Jet Strainers filter the product to any 
desired degree. Stainless steel strainer baskets 
are available in mesh sizes up to 400. Filter- 
aids may be used to further improve the 
brightness of the product. 

(3) Since Jet Strainers are self-cleaning, 
automatic controls may be applied to the 
strainers to make their operation fully auto- 
matic if desired. Even semi-automatic Jet 
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Strainer operation reduces the process to 
push-button control and manual opening 
and closing of a few valves. 

The whole story on Jet Strainers has been 
prepared in booklet form. A copy will be sent 
gladly on request. 


THORNHILL-CRAVER CO. 


P. O. BOX 1184 HOUSTON, TEXAS 


JET 


STRAINER 


Ctraine all the product 
all the time 
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City of New York and an MS in physics from Poly- 
R | O G R A p H | EF S technic Institute of Brooklyn. 

O. L. RIGGS, JR.—As a member of Continental Oi! 

Company’s Research Department since February 1952 


he has worked on corrosion chemistry and relate 








; inned EF age n 

(Continued From Page 100) problems. He has e BS in chemistry from Eastern 

: . azarene College, Boston, Mass. and was a teache 

from the Navy in 1946. He expects to receive soon in Ohio public Ghee for two years. He is a maior 
a BS in metallurgical engineering from Carnegie in- of NACE 
stitute of Technology where he attends evening é 

classes. Among other organizations he is a member J. D. SUDBURY—Research Group Leader, Develop 


of NACE. ment and Research Department, Continental Oil Co. : 


SERRATE IRIN 
cs ‘ he holds a PhD in physical chemistry, University of 
ROBERT L. McGLASSON—A year’s work in the qual- = Texas, 1949. He is a member of NACE among other 1 
ity control laboratory, Boeing Airplane Co., Wichita, engineering organizations and for the past eight } 
Kan. aroused Mr. McGlasson’s present interest in  yaaqrs has been active in oil well corrosion research { 


physical metallurgy. For the past four years a major _—He is active in NACE and author of many papers on 


portion of his work has been on corrosion metallurgy, corrosion control. 
with major emphasis on corrosion problems asso- 
ciated with oil production, as a metallurgist in the Cc. J. WALTON—Assistant Chief of the Chemica! 
Development and Research Department of Continental Metallurgy Division, Alcoa Research Laboratories, he 
Oil Co. He has a BS from Northwestern State College, joined Alcoa in 1931 and was promoted to his present 
Alva, Okla. in physics and mathematics. position in 1946. His entire service with Alcoa has 

been concerned with corrosion and stress corrosion ' 
F. H. MEYER—Associate Research Physicist, Conti- cracking of aluminum alloys, particularly in natural i 
nental Oil Co., Ponca City, Okia. A member of the environments. He has a degree in metallurgical engi- ‘ 
American Physical Society, the American Crystallo- neering from Carnegie Institute of Technology Eve- ji 
graphic Association and the American Chemical So- ning School (1942). He is a member of NACE and 
ciety, he has a science degree from the College of the ASM and is author of several technical papers. 


FROM NOW _.. BECAUSE QFIBERCAST)LINE PIPE | 





In case after case, lines protected 
with TAPECOAT have been dug 
up after more than 10 years of serv- 
ice with no signs of deterioration on 
the pipe surfaces uncovered. That’s 


thy T SCOAT coal tar coating 
fs apecitind toy thoun wh aeaties and WELL TUBING ARE SUPERIOR 


that continuing protection is the 





aa etattice Ess 


~~ 
is capes 


oe 


Bak Pen ere cenit: wail ies . and because proof of superiority is right in front of Twer 
coating in handy eae tones an your eyes! Above are specimens from 3.5 inch tubing comb 
demonstrated its ability to with- used in a water supply well suspending a 30 h.p., 15- }  corro 
stand corrosion year after year, stage pump. ( half d 
above and below ground, on pipe, ON THE LEFT: Fibercast tubing, after one year’s operation. . the p: 
pipe joints, couplings and other ON THE RIGHT: Plastic coated steel tubing, after three 
vulnerable surfaces. ; month's operation! | HO 

Why. gamble with : unknown ' Just another of the many instances where Fibercast Line | Recer 
protection? By using TAPECOAT, Pj d Well Tubi h d iorit »  locati 
you ll be sure to have the quality oe Means as, Cade Nace insti, papas ins, fe q . 
protection you need for long serv- The fiberglass reinforced Expoxy resin used in the manu- , tionr 
ice life without costly maintenance facture of Fibercast Line Pipe and Well Tubing permits | coatit 
and replacement. temperatures in excess of 220° F., working pressures to 

; 1000 psi. 
The unin Soe Renae ae yale Operations using Fibercast products for more than two 





years have experienced no failures! 


JX P E Cc OATP Visit Booth 91 at the NACE Meeting 


Write today for free literature 


a Company THE FIBERCAST CORPORATION 


Coal Tor . 
ete Ty] in 1521 Lyons Street P. Oo; Box 727 eee Ph. Ci 5-1301 


i F Evanston, Illinois 
aaa Sand Springs (Tulsa) Okla. 
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THIS PIPE 


Twenty-five years ago NO-OX-ID 
combinations sealed this pipe against 
corrosion. Today, after two and one- 
half decades of uninterrupted service, 
the pipe is as good as new. 


HOW DO WE KNOW THIS? 


Recently, new construction made re- 
location of the line necessary. Inspec- 
tion revealed the original NO-OX-ID 
coatings and wrappers had chemi- 


For Long-Term Protection 
Against Pipe Corrosion 


| 
| 
| 
| 
NO-OX-ID | | 
| 
| 
| 


Next, No. 4 NO-OX-IDized wrapper for protection against abrasion 


USE THIS COUPON 
FOR MORE INFORMATION 


NACE NEWS 





cally and mechanically stopped mois- 
ture penetration and corrosive attack. 
Not a foot of pipe was replaced. After 
cleaning and a new application of 
NO-OX-ID coating-wrapper combi- 
nation, the pipe was lowered in. It’s 
now ready for many more years of 
additional service. 

Many leading pipeline companies 
and utilities rely on NO-OX-ID com- 
binations for lasting pipeline protec- 


Gentlemen: 


ee 


Finally, NO-OX-ID Filler 
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es 


Red "C,” a seal coat, completes protection 


IS 25 YEARS YOUNG 


tion. Consult your Dearborn repre- 
sentative next time you move pipe or 
lay new lines for the right combina- 
tion to meet your soil conditions. 


NO-OX-ID ADVANTAGES 


Coats more feet per man-hours be- 
cause less material is needed+ Applied 
hot or cold + By hand, by Traveliner 
or at the mill + Requires less equip- 
ment « No noxious fumes. 


Dearborn Chemical Corporation 
Dept. C, Merchandise Mart Plaza 
Chicago 54, Illinois 


|_| Have a Dearborn Pipeline Representative call 


Send me NO-OX-ID literature 


COMMMMI 5 ch hoa 
ROME ice ee xe 


Cee vic ventxess 
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Specify 
Protective “~ 
Coatings 
With a 
Slide 
Rule! 


Use Carboline’s Engineering Approach! 


When an engineer wants an accurate calculation, he doesn’t 
guess — he uses his slide rule. 

When you buy or specify protective coatings, don’t guess about 
the system that is best for your needs. Follow the engineer’s 
e xample, and use a “slide rule” —a careful, point-by-point com- 
parison of the facts on these important features: 


FREE — 12” x 18” 


comparative data 
chart . . . your 
“slide rule’’ for 
judging protective 
coating systems... 
permitting quick, 
accurate evaluation 
of systems on the 
basis of cost per 
square foot per 
year of service. 
Write for your free 

copy today. 


@ SOLIDS CONTENTS 

COVERAGE PER GALLON 

MIL FEET PER GALLON 

MIL THICKNESS PER COAT 
RESISTANCE TO CORROSIVE 
ESTIMATED RECOATING CYCLES 


COST PER SQUARE FOOT 
PER YEAR OF SERVICE 


Carboline data sheets and recommendations 
give you all the facts necessary to arrive at a 
sound, clear-cut conclusion. You will find, on 
all of these basic points, Carboline Coatings 
score high. Many Carboline users have discov- 
ered the true effectiveness and long range 
economy of Carboline Coatings by this scientific 
comparison approach. 
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Sales Offices in Boston, New York, Pittsburgh, 
Detroit, Chicago, Houston, Denver, Los Angeles, 
San Francisco, Toronto and other leading cities. 






Manufacturers of 
PHENOLINE, POLYCLAD, 
RUSTBOND PRIMERS 






carboline 
GC O M P A N Y 


327 Thornton Ave., St. Lovis 19, Mo. 






NACE Has No Copies 
Of Conference Papers 


No copies of papers presented at the 
13th Annual Conference are available 
from NACE, Authors of papers some- 
times prepare preprint versions of their 
papers in which cases copies may be se- 
cured from authors. Persons interested 
in technical material presented are 
urged to consult CORROSION in which 
all papers approved by the NACE Edi- 
torial Review Subcommittee and the 
editor of CORROSION will be published 
after they are approved. Non-members 
of NACE may subscribe to CORROSION 
at rates indicated in this issue. 





General Corrosion— 
(Continued From Page 100) 


periods of one, two, four and eight years. Fol- 
lowing this, measurements were made on _ the 
specimens, the results of which describe their 
resistance or susceptibility to corrosion in five 
natural tropical environments. Significant meas- 
urements include tensile changes, weight loss, 
pitting attack, dimensional change and visual 
change. Some "description of the more prominent 
types of corrosion occurring when the metals 
are exposed to sea water, mean tide level (sea), 
fresh water clean atmosphere (high rainfall) and 
salt (sea shore) atmosphere. In addition some 
novel results are presented relative to attack of 
a marine organism on magnesium. 


Stress Corrosion Cracking of Austenitic Stain- 
less Steels by Geothermal Steam by T. Mar- 
shall, Dept. of Scientific and Industrial Re- 
search, New Zealand. 

Stress corrosion tests on austenitic stainless 

steels were conducted in geothermal steam con- 

taminated with chlorides, hydrogen sulphide, 
carbon dioxide etc. under the following steam 
conditions: a) Superheated air-free steam at 

150 C; b) Steam superheated and aerated at 

150 C. 

Stress corrosion cracking occurred readily in 
the aerated superheated steam, but did not 
occur at all in the air-free superheated steam. 

These test results provide experimental con- 
firmation of Hoar and Hine’s theory that the 
cathodic depolarizing action of dissolved oxygen 
is essential to the stress corrosion mechanism. 

For comparison purposes, corrosion rate data 
and stress corrosion data on other alloys in the 
steam are given. 


Some Practical Uses of Sodium Nitrite as an 
Inhibitor of Ferrous Corrosion by T. P. Hoar, 
Cambridge University. 

Researches on sodium nitrite as an inhibitor of 

ferrous corrosion and some practical develop- 

ments are described. Mechanism of the inhibi- 
tion is discussed and practical advantages and 
limitations are pointed out. 


Staining of Copper and Brass by Einar Matt- 
sson, AB Svenska Metallverken, Vasteras, 
Sweden. 

The copper alloys are known for their fine lustre 
and high resistance to corrosion but they tar- 
nish, nevertheless, under certain circumstances. 
A surface oxidation of the metals normally oc- 
curs under the influence of the atmosphere. At 
elevated temperatures this process may result 
in colored so-called tempering films. The pres- 
ence of hydrogen sulfide in the atmosphere may 
accelerate the reaction so that tarnishing occurs 
even at room temperature. 

When copper alloys are exposed to an out- 
side atmosphere containing sulfur dioxide, such 
as exists in cities and industrial areas, a black 
film will soon form on the surface. After some 
years, however, the film changes to a pleasing 
green patina. 

Ugly dark stains, ‘‘water stains,’”’ are formed 
when copper-base material is left in contact 
with stationary water for a lengthy period. Such 
water damage may be caused, for example, by 
rain or condensed moisture in transit or in 
storage. A similar staining is caused by hygro- 
scopic surface impurities. Typical examples are 
chlorides deriving from tap water that has 
evaporated on the metal surface, solder residues, 
hand perspiration, sulfuric acid and dust. 

Copper alloys can be protected from corrosion 
by means of, for example, passivating inhibitors, 
slushing compounds, lacquers or packaging that 
provides a seal against water vapor. 


The 10-Year Index to CorrosIon lists 1056 
authors. 
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A CPS PACKAGED JOB FITS 
YOUR NEEDS 


A packaged job by Cathodic Protec- 
tion Service is tailored for you. The 
preliminary survey, design and engi- 
neering, installation by experienced, 
properly equipped crews, and final 
inspection are all handled by thor- 
oughly trained CPS men. The CPS 
Package includes a complete line of 
the materials field-proven to be the 
best on the market, stocked and dis- 
tributed by CPS. To solve your corro- 
sion problems quickly and efficiently 
telephone or write the CPS office 
nearest you. 
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yr 


FOR 
AMERICAN 
.OUISIANA 


1,200-mile pipeline cathodic 
protection package by CPS 





The entire American Louisiana Pipe Line Com- 
pany system from South Louisiana to Michigan— 
1,200 miles—was cathodically protected by Ca- 
thodic Protection Service. It was a packaged in- 
stallation—designed (after preliminary survey), 
installed, and checked out... the single responsi- 
bility approach that pays dividends in performance 
and economy. 

Because Cathodic Protection Service is a com- 
pletely integrated organization, the bulk of the 
work was completed in less than four months! 


Here are the reasons for the speed and practicality 
of the installation. 


® Twenty engineers with a total of more than 150 years of 
experience, completely equipped with the most advanced 


instruments. 
@ Competent and experienced field foremen 
® Modern installation equipment 


@ Warehouses amply stocked with first line materials. 


OFFICES LOCATED IN: 


HOUSTON 
Box 6387 (6) 


CORPUS CHRISTI 


1522 South Staples 
TUlip 3-7264 


TULSA 
rotection 2.) :::% 
ADDRESS Riverside 2-7393 


DENVER 


(Golden) P. O. Box 291 
CRestview 9-2215 





NEW ORLEANS 


1627 Felicity 
CAnal 7316 


Everything in the cathodic protection field . . . from an insulating 


washer to a turnkey contract installation. 
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PRODUCTION OF SOLID AMMONIUM NITRATE 


Teena 
HNO3 
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Safe] 716) 3 


~ FILTER-BLOWES 


Aluminum's natural resistance to corrosion 
makes it ideal for ammonium nitrate han- 
dling equipment and structurals, as shown. | 


NEUTRALIZER 


d 
83% EVAPORATOR TANK 


> 


VACUUM 


- 


EVAPORATOR 


“~ 95% SOLUTION STORAGE TANK 
STORAGE 


This all-aluminum tank, 


the world's largest, is \ LUMP DISSOLVING 

used to store 2% million TANK PROPORTI 
gallons of 83% ammo- oe ‘ 
nium nitrate solution. Alu- 

minum is equally suitable 


for handling 95% solu- | SOLID NHa NO3 


tions. 
L. 
LEGEND 

ALUMINUM 


ALUMINUM APPEARS SUITABLE 
GE) sNOT ALUMINUM 


BAGGING 
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This all-aluminum ammonium nitrate prilling tower is 
the tallest all-aluminum structure in the world—200 
ft tall and 30 ft square. Frame, walls, piping, fittings, 
connections and fasteners all are aluminum to provide 
service uninterrupted by corrosion, 


PRILLING 
TOWER 


Eliminate over 50% 


PRILLS 


of your corrosion trouble spots: 


__ VIBRATING SCREEN | 


s Specify Process Equipment 


PRE-DRYER a 


AIR of Alcoa Aluminum! 


DRYER 


Here is a sound, low cost way to eliminate nontoxicity . . . and excellent reflectivity. 

COOLER - over 50% of the corrosion trouble spots in Consider, too, this important fact about 

your process. The flow chart shows how aluminum: no one has had more experi- 

it’s done in a typical, highly corrosive oper- ence with the light, corrosion-resistant 

ation. The answer: Specify process equip- metal than Alcoa—the aluminum pioneer. 

SCREEN , ment of Alcoa® Aluminum. Alcoa engineers have worked with alumi- 

-” on ' Many liquids and gases normally corro- num in the process industries for over 30 

' | gr y sive to most metals will not corrode alu- years. Their accumulated knowledge of 
STORAGE | STORAGE minum. It resists, successfully, attack by corrosion problems is yours for the asking. 
b ; process materials as well as the corrosive Find out how you can free yourself of 
—_ atmospheres which often surround equip- many of your corrosion headaches... . 

- ment. And aluminum also offers you this by specifying process equipment of Alcoa 

EN unique combination of highly desirable Aluminum. Tell your nearest Alcoa repre- 

4 - benefits: low cost... light weight .. . good sentative about your corrosion problems 
i workability . . . high thermal conductivity —or write Aluminum Company of Amer- 
.. . excellent strength in alloys . . . non- ica, 892-B Alcoa Building, Pittsburgh 19, 


magnetic, nonsparking characteristics . . . Pennsylvania. 


Bis psi Rey ted toe 7 ane 
: 7 _ALCOA @. 
(AY ALTERNATE SUNDAY EVENINGS fen 


THIS FREE BOOK can be your guide to corrosion-free process equipment. Its 
80 pages are packed with information on the behavior of aluminum in the process 
industries. Write today for Process Industries Applications of Alcoa Aluminum. 
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PIPELINE PETTY 2 
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Rowe Sussman 


Inhibitor Papers Cover Automobile Engines, 
Light Alloy Couples, Non-Chemical Factors 


Four papers have been scheduled during the Chemical Inhibitor Sym 


Mosely shasta ce Melero 40 Oy posium to be given during the 13th Annual NACE Conference at St 
Eee aterm saree heey tate el cane Louis, Papers on inhibitor problems associated with engine cooling 
high resistance to corrosion, mois- systems, non-chemical air conditioning cooling water considerations 
Rene We ee es te ae oa evaluation and on galvanic corrosion of magnesium-aluminum couples 


are included. 
against damage in backfilling, 


lowering in, soil stresses. Avail- : ies ; 
An Evaluation of Inhibitors for Corrosion Pre- 


able in 100 to 1,000 ft. roll vention in an Engine Cooling System, by 
Leonard C. Rowe, General Motors Corp. 
lengths. The variety of coolants used in multi-metal en- 


gine cooling systems is a challenge to corrosion 
inhibition. Diverse characteristics of the systems 
are related to laboratory test methods used to 
investigate inhibition. 

In a rotating specimen type of test effective- 
ness of inhibitors, including sodium borate, 
sodium nitrite, sodium benzoate, potassium di- 
chromate, soluble oil and sodium merc aptobenzo- 
thiazole, is compared. Media include ethylene 
glycol-water mixtures and tap water with and 


GoodA GEMCO 22a 


NEW ECONOMY LINE 


MIDWESTERN 


PIPE LINE PRODUCTS CO. 
Box 1886 Tulsa, Oklahoma 



















Kemarkable Versatility 
at Low Cost 


If your cathodic protection require- 
ments are on a tight budget, then this 
is the rectifier that will fulfill your 
needs. The new “Gemco” is an eco- 
nomical Cathodic Protection Rectifier 
that has eliminated all features which 
are not absolutely essential. It is a well 
constructed unit, contains only quality 
components, and will give years of 
economical, trouble-free service. 


FEATURES: 


Air-cooled components ¢ Case finished 
with baked enamel ¢ Full wave bridge 
selenium stacks © 16 steps of voltage 
adjustment © Thermal overload pro- 
tection ¢ Single-phase input. 


Our engineers are ready to work with you 
on your individual applications. 
Dept. 21-B 


GOOD-ALL ELECTRIC MFG.CO. 


ELECTRICAL MECHANICAL DIV., 122 W. Ist St.,Ogallala, Nebraska 


Abstracts of three of the papers are given below: 


BIOGRAPHIES 


WALTER BECK—Now with Naval Air Material 
Center, U. S. Naval Base, Philadelphia, he formerly 
was assistant professor of metallurgy, Division of 
Corrosion Research at Lehigh University. Dr. Beck 
was educated in various European universities. He 
has been a member of NACE since 1948. 


SARA J. KETCHAM—Metallurgist in the Surface 
Treatment and Corrosion Section of the Aeronauti- 
cal Materials Laboratory, Naval Air Material Cen- 
ter, Philadelphia, she is occupied with research and 
development work in corrosion and protective coat- 
ings of aircraft. A graduate of Bryn Mawr College, 
she was employed in the Metallurgical Division of 
the Industrial Test Laboratory, Philadelphia Naval 
Shipyard. 


LEONARD C. ROWE—Senior Research Chemist, 
Chemistry Dept., Research Staff, General Motors 
Corp. He holds a BS (1943) and MS (1947) from 
Michigan State University. He is active in corrosion 
activities for GMC and presently is chairman of its 
corrosion committee. He is a member of ACS and 
of NACE Unit Committees T-3A and T-4D; member 
of NACE Detroit executive committee and cor- 
respondent for the Transportation Industry for 
CORROSION 





SIDNEY SUSSMAN—Chief Chemist, Water Service 
Laboratories, New York City. He has a BS, Poly- 
technic Institute of Brooklyn and a PhD, MIT. He 
formerly has worked for the DuPont Company, 
Permutit Co. and Liquid Conditioning Corp. His 
principal work is on corrosion control in water 
systems. He is a member of numerous engineering 
organizations, including NACE. 





without added corrosive constituents. Metals 
investigated are steel, copper, brass, aluminum, 
cast iron and solder. Results are recorded on 
rate, microscopic examination, pit depth and 
others. One year static room temperature tests 
on 13 galvanic couple combinations for each in 
hibitor are included. 


Based on results pbtained by conventional 
corrosion tests final examination of a combina 
tion of factors is made in a laboratory model 
which simulates an engine cooling system, indi 
cating effectiveness in a system with either a 
copper-brass or aluminum radiator. 


Investigation of Inorganic Inhibitors for Mini 
mizing Galvanic Corrosion of Magnesium and 
Aluminum Couples by Sara J. Ketcham and 
Walter Beck, Naval Air Experiment Station, 
Philadelphia. 


A fundamental study of some inhibitors found 
to be effective in reducing galvanic corrosiot 
between magnesium alloy A231B and aluminum 
alloy 2024-T3 in saline solutions has been con 
ducted. Object was to determine mechanism of 
protection afforded by inhibitors Mg(VOs)z, 
BaK2(CrOa)2 and CaS singly and in combina 
tion. Effect on polarization characteristics of the 
metals was determined with electrodes isolated 
in separate compartments, bridging accom lished 
with agar-salt bridges. In this group of tests, 


(Continued on Page 112) 
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Prevent corrosion & protect 
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EQUIPMENT 
Locates Line Trouble FAST 


DUAL 
ELECTROLYSIS 
VOLTMETER 
Model G 


Double 


Meter for simultaneous readings. 


. no lead changing for fluctuating polarity. 


VOLTMETER, 


50,000 


in seen ranges, 


MILLIVOLTMETER, a 


2.5 


low 2.5 
to 500 mv in 6 ranges. 


ohms per volt, 


Millivolt 


3 to 300 


range 


Oak Case, 9’x10’x4'/2” — Wt. 6 pounds. 


gi 


EWART BROTHER 


Division of Instrument Laboratories 


Chicago 10, Illinois 


Zero Center 


volts 


S 


Aziz 


DeLong 


CORROSION ENGINEERS 


Godard 


Two-Paper Corrosion Principles Symposium 
Covers Intergranular Corrosion and Pitting 


\ two-paper Corrosion Principles 
Symposium has been scheduled for the 
13th Annual NACE Conference at St. 
Louis. 

\bstracts of the papers follow: 


Intergranular Corrosion of Stainless Steel by 
W. B. DeLong, E. I. duPont de Nemours & 
Co., Inc., Wilmington, Del. 

Intergranular corrosion of stainless steel is an 
unusual type of attack essentially limited to 
grain boundaries which leads to grain encircle 
ment and loss (sugaring) of whole grains. It is 
associated with carbide precipitation in the 
same areas. 

In this paper this type of corrosion will be 
described and character and origin of the pre 
cipitation discussed. Consideration will be given 
to the nature of aqueous media causing this 
type of attack both in the laboratory and in 
service. Practical means of avoiding it will be 
presented, 


and 
Led., 


Pitting Corrosion by Hugh P. Godard 
P. M. Aziz, Aluminium Laboratories, 
Kingston, Ont. 

Pitting, a highly localized form of corrosion, 

may lead to perforation with attendant costly 

consequences despite the fact an almost in 


Ce 


New catalog helps solve your structural sealing 
and protective coatings problems. 


e Tells how to protect metal, masonry and wood against 
acids, alkalies, alcohol, oils, gasoline, solvents, salts and 


water with DEL Coatings. 


Describes how DEL Synthetic Rubber Compound solves 
the problem of joining metal, wood, masonry and glass in a 


permanent, weathertight seal. 


e Carefully tabulated and organized to help corrosion, con- 
struction and chemical engineers and architects find the right 
product for each structural sealing and protective coating 


problem 
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For a free copy of this new, easy-fo-use 
catalog, write today! 


DAVID E. LONG CORP., Dept C-27 
220 East 42nd St., New York 17, N. Y. 


Please send me FREE, your new catalog on DEL Protective Coatings 
and DEL Synthetic Rubber Compound. 


Title 


Zone State 


BIOGRAPHIES 


P. M, AZIZ—On the staff of Aluminium Labora- 
tories, Ltd., Kingston, Ont. since 1949, his principal 
technical activity is basic research on corrosion 
mechanisms of aluminum, on which he has published 
several papers. He has MA and PhD degrees from 
University of Toronto. In 1954 he received the 
Young Author award for the best paper published in 
CORROSION that year g an author under 35 years 
of age. 


W. B. DeLONG—He is Research Manager, Materials 

of Construction Section, Engineering Department, Ex- 

perimental Station, E. |. du Pont de Nemours & Co., 

Inc., Wilmington, Del. He was co-chairman of the 

Chemical Industry Symposium for the 1954 NACE 
Conference at Kansas City. 


HUGH P, GODARD—Long active in NACE affairs 
nationally and as a member of Canadian Region 
Dr. Godard has published many papers on corrosion 
fundamentals both in CORROSION and elsewhere. 
His principal interest is in corrosion processes re- 
lated to aluminium as a consequence of his connec- 
tion with Aluminium Laboratories, Ltd., Kingston, 
Ont. He has a PhD in industrial and cellulose chem- 
istry from McGill University. 


finitely small percentage of the area of metal 
exposed to attack has been affected. (For ex- 
ample, a pit in a 55-gallon drum may be only 
0.00005 percent of the internal area of the 
drum.) 

Pitting occurs on film-protected metals such 
as aluminum, copper, stainless steel and zinc 
under environmental conditions where the sur- 
face films is almost, but not quite entirely pro- 
tective. Under these conditions the overall cor- 
rosion rate is virtually zero, although the pene- 
tration rate of a pit may be as high as 5000 
mpy. Pitting may be caused by local differences 
in the environment such as differential aeration, 
concentration, velocity or temperature or may 
be the result of local difference in the nature of 
the metal surface. 

Pitting develops through three distinct stages, 
all of which have an electrochemical mechanism, 
and each of which is dependent on the other 
two: a) initiation; b) propagation; c) termina- 
tion or stifling (this may or may not occur.) 

Mechanism of the three stages is discussed 
and information presented on the enfluence of 
environmental variables such as pH, composi- 
tion, velocity and temperature. Methods of sta- 
tistical treatment of pitting data are illustrated. 
References to pertinent literature are included. 


St. Louis Program Data 
In Earlier Issues Listed 


Information on the program at the 
13th Annual NACE Conference and Ex- 
hibition have been published in the 
January issue of Corrosion as follows: 
Soil Box Demonstration Scheduled for 

Pipeliners, Page 105. 

List of Exhibitors, Page 105. 
Women’s Program, Page 106, 
® 


Subscribers to the NACE Corrosion 
Abstract Punch Card Service may sup- 
plement classifications of abstracts by 
preparing duplicate cards of abstracts 
interesting to them. 
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CLAD STEEL HOUSE FOR THE PEACEFUL ATOM 


m In the reactor shell of the first peacetime atomic power 

plant, at Shippingport, Pa., the controlled fury of the 

fissioned atom will soon go to work ... behind walls 

of Lukens stainless-clad steel. In the processing of Visit us at Booth 100-101 
atomic energy, as in the production of petroleum, ab the 38, A: Ci Roe: 
chemicals and pulp and paper, Lukens clad and alloy St. Louis, Mo., March 12 thru 15. 
steel plate has proved to be the economical material 

of vessel construction for corrosion resistance plus 

strength in high pressure and high and low temperature 

service. And Lukens produces the widest range of types 

and sizes of clad and alloy steels available from any 

source. If we can help with your problems of materials 

selection, our Technical Service Department is always 

available. Write for Bulletin 817, ‘Clad Steel Equipment’, 

to Manager, Marketing Service, 916 Lukens Building. 


LUKENS STEEL COMPANY, COATESVILLE, PA. 


World’s Leading Producer of Specialty Carbon, Alloy, Armor & Clad 
Steel Plate « Plate Shapes + For Qualified Equipment Builders 
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Rogers and Wagner Will Receive NACE Awards 





Walter F, Rogers 


Carl Wagner 


NACE 1957 Award recipients are Walter F. Rogers, Chief Chemist of the Houston Division Labora- 
tory, Houston Production Division, Gulf Oil Corporation, Houston and Carl Wagner, Professor of 
Metallurgy, Massachusetts Institute of Technology. Mr. Rogers, 1953 president of the National 
Association of Corrosion Engineers, holds membership No, 2 in the association. With 27 years of 
experience in corrosion control, Mr. Rogers, besides functioning as an officer of the association 
has found time to be general chairman of the 1952 conference, chairman of Technical Practices 
Committee 1, chairman of the NACE awards committee in 1948 and contribute technical material 
for publication in CORROSION. He has served also on numerous other NACE committees. He is 
a graduate of the University of Pittsburgh, holding degrees in chemical engineering awarded in 
1926 and 1934. His first job with Gulf was at Port Arthur, Texas in 1926, He is a native of Texas. 

Dr. Wagner, a native of Liepzig, Germany attended universities of Munich and Liepzig from 
1920 to 1924 and received a PhD in physical chemistry from the latter school in 1924. He succes- 
sively became an assistant, University of Munich, 1924-27; research fellow at the University of 
Berlin, 1927-28; assistant, University of Jena, 1928-33; visiting professor, University of Hamburg, 
1933-34; associate professor of physical chemistry, Darmstadt Institute of Technology, 1934-40; 
professor of physical chemistry, Darmstadt, 1940-45; scientific advisor, Ordnance Research and 
Development Division Suboffice (Rocket), Fort Bliss, Texas, 1945-49; visiting professor, department 
of Metallurgy, Massachusetts Institute of Technology, 1950-55 and was named professor of metal- 


lurgy at MIT in 1955, 





Fourteen Exhibitors Added to St. Louis List; 
Only 8 Booths Remain Unsold in Auditorium 





Corrosion Programs Listed 
In Cebelcor Publication 


\ 7-page mimeographed list in French 
of meetings including matters pertain- 
ing to corrosion has been published by 


Centre Belge D’Etude de la Corrosion, 
21 Rue Des Drapiers, Brussels, Bel- 
gium, Included are many of the im- 
portant meetings all over the world 


known to have corrosion interest. 


Corrosion Resistant Cast 
Alloy Designations Issued 
designa- 


\ revised list of standard 


tions and chemical composition ranges 
for heat and corrosion resistant cast 
allovs has been issued by the \lloy 
Casting Institute, Mineola, N. Y. Copies 
of the chart are * sasitaile on request 


Fourteen more exhibitors have con- 
tracted for space at the exhibition to be 
held concurrently with the NACE 13th 
Annual Conference March 11-15, 1957 at 
Kiel Auditorium, St. Louis. These, added 
to the 91 listed in Corrosion’s January 
have contracted for all but eight 


issue 
booths of those planned for the exhibi- 
tion. 
The fourteen are: 
,arrett Division, Allied Chemical & Dye 
Corp. 


Automotive Rubber Company, Inc. 
Chicago Metallizing Co. 


Cosasco Division, Perfect Circle Corp. 
F. Henry & Sons, Ltd. 

Kraloy Plastic Pipe Co., Inc. 

Labline, Inc. 

Nooter Corp. 


Owens-Corning Fiberglas Corp. 
Protecto Wrap 
Republic Steel Corp. 

Joseph T. Ryerson & Son, Inc 
Tresco, Inc. 


Company 


The Zopff Company. 


Oil Chemist and 
MIT Professor 
To Be Honored 


Walter F. Rogers, Chief Chemist 
Houston Production Division Chemica 
Laboratory, Gulf Oil Co., Houston an: 
Carl Wagner, Professor of Metallurg 
at Massachusetts Institute of Technol 
ogy have been selected to receive th 
National Association of Corrosion Engi 
neers’ 1957 Awards. Mr. Rogers, 195. 
past president of NACE and long activ: 
in association affairs, will receive th: 
Speller Award for achievement in corro 
sion engineering and Prof. Wagner 
known for his contributions to knowl 
edge of physical chemistry, will receiv 
the Whitney award for achievement ir 
corrosion science. 

The awards, established by NACE in 
1947 and named in honor of their first 
recipients Willis Rodney Whitney and 
Frank Newman Speller, since have been 
given to 18 engineers and scientists who 
have made significant contributions to 
— world’s knowledge of corrosion con- 
trol. 

Presentation of the awards will be at 
the annual banquet Wednesday, March 
13 at the Sheraton-Jefferson hotel. 


Inhibitor Papers— 
(Continued From Page 108) 


polarization potentials, recovery potentials and 
corrosion currents were measured, the latter by 
means of a zero resistance ammeter. Additional 
tests were made with the electrodes in the same 
beaker, corrosion currents and rates being deter- 
mined under these conditions. 

Correlation of results from potential, corro- 
sion current and corrosion rate data indicates 
that Mg(VOs)2 and BaK2(CrOs)2 polarize alu- 
minum strongly in the anodic direction, thereby 
reducing galvanic current and weight loss of 
magnesium. CaS is the only inhibitor that ap- 
pears to polarize magnesium. A combination of 
these three inhibitors, therefore, results in a 
considerable reduction in the galvanic attack in 
a magnesium-aluminum couple in 0.1 N NaCl. 


Non-Chemical Factors Effecting Inhibitor Selec- 
tion and Performance in Air Conditioning 
Cooling Waters, by Sidney Sussman, Water 
Service Laboratories, Inc., New York. 

Effectiveness of corrosion control by chemical 

inhibitors in non-industrial air conditioning cool- 

ing water systems is subject to non-chemical 
factors to a degree not normally encountered in 
large industrial cooling systems. 

Choice of an inhibitor or negation of an 
otherwise satisfactory corrosion control pro- 
gram, and an increase in safety hazards may 
result from selection of untrained personnel for 
equipment operation and maintenance. Inhibitor 
selection also may be restricted by legal require- 
ments pertaining to cross-connections, water 
conservation or waste disposal. 

Equipment location, rarely considered from 
the viewpoint of maintenance and corrosion 
control, frequently is a factor when choosing an 
inhibitor. Attempts to keep equipment and op 
erating costs low frequently have secondary 
effects on corrosion control. 


San Diego Section Elects 
New Officers for 1957 


The 1957 section officers of San Diego 
Section have been announced as follows: 


Dan Nordstrom, The Gates Rubber 
Company, chairman; L. L. Flor, vice- 
chairman, and Kenneth R. Christy, secre- 


tary-treasurer, Federal Housing Admin- 
istration. The officers were installed and 
took office January 23. 
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wash primers improve performance 
of cold coatings 


On metal surfaces exposed to a corrosive atmosphere, 
wash primers improve the performance of cold coatings 
based on coal tar systems. Such primers made with 
Shawinigan Resins’ FORMVAR, polyviny! formal, or 
BUTVAR, polyvinyl butyral, not only provide excel- 
lent corrosion resistance . . . they also provide superior 
anchorage for the cold coating. 


The use of a wash primer based on polyviny! butyral 
is strongly recommended when metal pipe or metal 
structures are coated under conditions of high humid- 
ity, high atmospheric temperature.and condensation. 
Anti-corrosive wash primers have a long history of 
success under such conditions. Only a 0.3 to 0.8 mil 
thick film is required to provide a tough, protective 
coating. Wash primers apply easier, adhere better, and 


FORMVAR® and BUTVAR?® resins by 


dry faster than conventional materials. Formulation of 
a primer with FORMVAR or BUTVAR is easy in 
your regular ball or pebble mill. 


Wash primers have extended the life of metals in 
many applications and have opened profitable new 
markets for paint manufacturers. For full technical 
information and suggested formulations, write Shaw- 
inigan Resins Corporation, Department 2702, Spring- 
field 1, Massachusetts. 


SALES OFFICES: ATLANTA CHICAGO LOS ANGELES 
NEW YORK SAN FRANCISCO 


F_f» ~% 
SHAWINIGAN 


LS 


a Fs 








Japanese Electrolysis 
Committeemen Meet 


At a November 6 meeting of the 
Electrolysis Controi Research Commit- 
tee of Japan at Denkikyokai Bldg., 
Tokyo the following printed reports 
were issued: 

Annual Report for 1955, including a 
list of active members. 

Subcommittee Report on Reinforced 
Concrete Sleepers for Railroads. 

Subcommittee Report on Utilization 
of the Sea as the Return Circuit for 
Railroad Electrical Systems. 

Subcommittee Report on Chemical 
Corrosion of Lead Cable Sheaths. 

Subcommittee Report on Cables With 
Protective Cevrings. 

Subcommittee Report on 
logical Corrosion of Underground 
tallic Structures. 

Subcommittee 


Microbio- 
Me- 


Report on Corrosion 


Statistics of Gas Pipe Lines for the 
Past Year. : ; 
Introduction of NACE Task Group 


T-4B-3 Report. 
Subcommittee Report on 
Control Installations for High Pressure 
Gas Pipelines Between Shitte and 
Hiranuma. 
Subcommittee 
Protection With Zinc Anodes. 
Subcommittee Report on Recom- 
mended Regulations for Drainage of 
Cathodic Protection Installations. 
Report of the Activity of Tokai Dis- 
trict Corrosion Control Committee. 
Report of the Activity of Kansai 
Electrolysis Control Committee. 
Paper on Estimate of Corrosion 
Losses to Underground Cables and 
Pipelines by Michio Tanaka 


( “ yrre SIC mn 


Report on Cathodic 


Metals Congress Schedules 


Corrosion Panel Session 


A panel session on Corrosion and 


Metal Protection will be given during 
the March 25-29 10th Western Metal 
Congress, Ambassador Hotel, Los 


Angeles as follows: 
Cost of Corrosion and the Economics 


of Material Selection—Martin L. Mi- 
chaud, Union Oil Co. of Cal., Los 
Angeles 


Importance of Inspection in Corrosion 
Control—E. H. Tandy, Chief Inspector, 
Standard Oil Company of California, 
El Segundo, Cal 

Metallic Coatings for the Protection 
of Steel—C. H. Sample, Manager, Elec- 
troplating, Section, Inco Research and 
Development Division, New York, 

Non-Metallic Coatings in the Petro 
leum and Chemical Industry—Lester 
Morris, President, Coating and Fiber- 
glass Research Co., Los Angeles. 

Cathodic Protection, Principles and 
Application—L, L. Whiteneck, Pipeline 
Coating and Engineering Co. 
Angeles 


Los 
’ sO 
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Night Credit Course on Corrosion Is Offered 





Appalachian Underground 
Course Set for June 5-7 


A basic and an intermediate course 
on corrosion fundamentals will be fea- 
tures of the Second Annual Appalachian 
Underground Corrosion Short Course 
to be held June 5-7 at West Virginia 
University, Morgantown. 

Also included on the program are: 

Demonstrations in the field of pro- 
cedures and techniques. 

Coatings symposium on coal tar, as- 
phalt, waxes, plastic and coal tar im- 
pregnated tapes. 

Power and communication industries 
symposium, including six classes on 
cable corrosion. 

Five classes on corrosion problems 
peculiar to the water industry covering 
steel, cast iron, asbestos-cement pipe; 
water pumps and internal coatings. 

Mining industry corrosion problems 
will be covered by three instructors. 

Special topic sessions will cover bac- 
terial corrosion, well casing corrosion, 
electrolysis switches, design and appli- 
cation of cathodic protection and stray 
current interference with railway signal 
systems, 

Papers will be published by the uni- 


versity and mailed to all registrants. 
Room and board will be available in 
university dormitories at reasonable 
prices. 


Parthian Electroplaters 
Used Primary Cell 


Parthian electroplaters living in 
the vicinity of Baghdad between 
250 BC and 224 AD used a pri- 
mary cell consisting of a copper 
container into which was inserted 
an iron electrode. The electrolyte 
could have been either acetic or 
citric acid, which was readily 
available to them. 

This fact was developed after 
a primary cell was reconstructed 
according to the dimensions and 
design and metallurgical data of 
cells found among the ruins of 
Mesopotamia by the German 
archaeologist Wilhelm Koenig. 
Numerous remains of the cells, 
which were enclosed in earthen- 
ware jars after fabrication are on 
display at the Berlin museum. 
When Willard F. M. Gray, of 
General Electric’s High Voltage 
Laboratory, Pittsfield, Mass, re- 
constructed one of the cells ac- 
cording to the ancient design, 
filled it with copper sulfate and 
connected them to a galvanometer 
—current flowed. 

It is reasoned that the 
were used for electroplating, 

(Abstracted from The Labora- 
tory, Vol. 25, No. 4, Pages 112- 
113.) 


cells 


Most Lecturers at 
Centenary Classes 


Are NACE Members 


Three hours of academic credit will! 
be awarded for a night school course 
titled “Introduction to Corrosion and 
Its Control” to be held at Centenary 
College, Shreveport during the current 
semester. Classes meet from 7 to 10 
pm Thursday at the college’s science 
building. 

The course, designed primarily for 
persons employed by industries con- 
cerned with transportation of petroleum 
products, will cover fundamental theories 
of atomic structure, electrochemical be- 
havior of matter, application of the 
Nernst equation, nature and mechanism 
of corrosion, principles of inhibitors and 
economics. 

John B, Entrikin, head of Centenary’s 
Department of Chemistry will be co- 
ordinator and open the January 31 ses- 
sion with a discussion on “Corrosion— 
What It Is and Its Importance.” Guest 
lecturers will give some of the remainder 


of the classes. Final examination will 
be given May 16. 
Schedule of classes and Instructors: 


Electrochemistry of Corrosion, Feb. 7, 
14, 21 and 28—Donal Emmerich, associate 
professor of chemistry, Centenary. 

Mechanisms of the Electrolytic Cell, 
March 7, 14, 21 and 28—Edward C. 
Greco, United Gas Corp. 

Edward H. Sullivan, United Gas Pipe 
Line Corp. and Horace V. Beezley, 
United Gas Pipe Line Corp. will give 
one lecture each on “Prevention of the 
Corrosion Cell” April 4 and 11 respec- 
tively. 

Practical Application of Theories 
Learned, April 18, 25; May 2, 9—M. J. 
Olive, Arkansas Fuel Oil Corp. 

All but the first two lecturers are 
NACE members. 

Further information on the course can 
be obtained from Edgar E, Burks, Di- 
rector of Evening Div., Centenary Col- 
lege, Shreveport, La. 





Pores in Electroplated 
Coatings Can Be Located 


Size and position of pores in electro- 
plated coatings can be determined by a 
new testing method developed at the 
National Bureau of Standards, The 
method involves exposure of a plated 
specimen to a photographic film and 
transmission of x-radiation through the 
basis metal side. 

The work, carried out by F. Ogburn 
of the bureau staff and Margaret Hil- 
kert of the American Electroplaters 
Society is reported in detail in “The 
Nature, Cause and Effect of Porosity in 
Electrodeposits, II, Radiographic De- 
tection of Porosity in Electrodeposits,” 
Annual Tech. Proc, American Electro- 
platers’ Soc., Page 256, 1956, 
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CORROSIONEERING with LAMINAC® ar 


Reinforced Laminac 
needs no maintenance 
in over three years of 
highly corrosive service 


Here’s dramatic evidence of the durability of glass- 
reinforced LAMINAC polyester resin in highly corro- 
sive service! 


In venting systems for alum evaporators and digesters 
at Cyanamid’s Warners, N. J., plant, carbon steel 
breeches and stacks required frequent maintenance, 
failed after two or three years of service. 


Breeches and stacks molded of reinforced LAMINAC 
resin by Carl N. Beetle Plastics Corporation were in- 
stalled as replacements. In the 84’ stack installation, 
pictured at right, reinforced Laminac has served for 
more than three years without maintenance! 


And long service life is only one advantage. Two 84’ 
stacks, supplied in six sections, were installed with 
telescope-type joints, wrapped and cemented at the 
site. Another 82’ stack, supplied in two sections, was 
installed with flange-type joints. Lighter by far than 
steel, the reinforced LAMINAC stacks were much easier 
to install, and cost considerably less in the long run. 


If your problem is handling corrosive fluids or 
fumes, glass-reinforced Laminac can help you reduce 
maintenance, extend service life and reduce costs. 
Consult your Cyanamid representative on the “what- 
to-use” and “how-to-use-it” of LaMINAc polyester resins. 


1907 1957 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
31 Rockefeller Plaza, New York 20, N. Y. 


In Canada: North American Cyanamid Limited, Toronto and 
Montreal! 
Offices in: Boston - Charlotte - Chicogo - Cincinnati - Cleveland 
Dallas - Detroit: Los Angeles - New York - Oakland - Philadelphia 
St. Louis « Seattle 


(Polyester Resins) 





Carbon steel breeching, “5” 
thick, in this alum evaporator 
at Cyanamid’s Warners plant 
failed after 3 years, was re- 
placed with reinforced LAMINAC. 


An 84’ stack of reinforced 
Laminac resin, %4” thick, in 
even more severe alum digester 
service, has needed no main- 


tenance in over three years. 
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BOOK NEWS 





Tinplate Handbook. 44 pages, 6x9% 
inches, paper. By W. E. Hoare. Octo- 
ber, 1956. Tin Research Institute, Inc., 
492 West Sixth Ave., Columbus 1, 
Ohio. Price: Free. 


Third revised edition describes tinplate 
and how it is made, gives figures on 
tinplate production and outlines two 
methods of tinning. 

Units in use for measuring or quoting 
tin coating thickness are tabulated and 
described in Section IV. Section VI re- 
lates to packaging and Section VIII to 
testing. A glossary of tinplate terms 
gives English, French, German and 
Spanish equivalents. 


Technical Report of the Activities of 
Commission [V of Association Belge 
Port l’Etude L’Essaie et l’Emploi des 
Materiaux. (In French). 44 pages plus 
Annex, 8%4 x 10% inches, paper. March, 
1956. Availability not indicated. 


Report on the work for the year 1955. 
Chapters are included on studies related 
to paint for atmospheric service, marine 
exposures, and organization of studies 
devoted to metallic coatings and paints 
designed to protect against cold water; 
effects of aggressive atmospheres on 
corrosion and the resistance to corro- 
sion or several kinds of iron. 

Numerous data are tabulated on ob- 
servations of exposed specimens. The 
annex includes formulae for anti-corro- 
sive and anti-fouling paints and tabu- 
lated data on the characteristics of paint 
systems. 


Stress Corrosion Cracking and Embrit- 
tlement. 202 pages, 6x9 inches, cloth. 
December 4, 1956. Edited by William 
1). Robertson. John Wiley & Sons, 
Inc.. 440 Fourth Ave., New York 16, 
N. Y.; Chapman and Hall Ltd., Lon- 
don, Per Copy, $7.50. 


Fourteen papers presented at a sympo- 
sium arranged by the Corrosion Divi- 
sion of The Electrochemical Society at 
Boston, October, 1954. Titles of papers 
included are: The Phenomena and Mecha- 


nism of Stress Corrosion Cracking, 
Julius J. Harwood; The Structure of 
Grain Joundaries, Bruce Chalmers; 


Structural Factors Associated with the 
Stress Corrosion Cracking of Homoge- 
neous Alloys, W. D, Robertson; 

Stress Corrosion Cracking in Homo- 
geneous Alloys, L. Graf; Metallurgical 
\spects of Stress Corrosion Cracking in 
Aluminum Alloys, E. C. W. Perryman; 
Mechanism of Stress Corrosion Crack- 
ing Observed in a Magnesium Alloy, 
D. K. Priest; Role of Boundary Adsorp- 
tion in Stress Corrosion Cracking, Ru- 
dolph Speiser, J. W. Spretnak; 

Stress Corrosion Cracking of Austen- 
itic Stainless Steels in Aqueous Chloride 
Solutions, T. P. Hoar, J. G. Hines; 
Phenomena of Stress Corrosion Crack- 
ing in Austenitic Stainless Steels, C. 
Edeleanu; Stress Corrosion Cracking of 
Mild Steels, R. N,. Parkins; On the 
Mechanism of Chemical Cracking, U. R. 
Evans; Hydrogen in Iron and Its AIl- 
loys, W. R. Heller; Ductility of Steel 
with Varying Concentrations of Hydro- 
gen, Taiji Toh, William M. Baldwin, 
Jr.; Laboratory Techniques for the In- 
vestigation of Stress Crack- 
ing, H. R. 


Corrosion 
Copson. 
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ASTM Standards on Zinc-Coated Iron 
and Steel Products. 134 pages, 6 x 9 
inches, paper. September, 1956. Amer- 
ican Society for Testing Materials, 
1961 Race St., Philadelphia 3, Pa. Per 
Copy $2.25. 


The volume includes 21 specifications, 
three recommended practices and five 
methods of tests related to zinc coatings 
on ferrous metals. Sponsored by Com- 
mittee A-5 on Corrosion of Iron and 
Steel, the compilation includes all speci- 
fications coming under jurisdiction of 
the committee as well as selected speci- 
fications written by Committee A-1 on 
Steel, A-2 on Wrought Iron, B-1 on 
Wires for Electrical Conductors and 
B-2 on Non-Ferrous Metals and Alloys. 


Materials covered include zinc-coated 
sheets, hardware, wire, strands, fencing, 
and pipe as well as Terne-alloy coated 
sheets. 


Electrochemistry-Principles and Appli- 
cations. By E. C. Potter. 418 pages. 
6 x 95 inches, cloth. January 15, 1957. 
The Macmillan Company, 60 Fifth 
Ave., New York 11, N. Y. Cleaver- 
Hume Press Ltd., 31 Wright’s Lane, 
Kensington, London W. 8. Per 
Copy $10. 


A text intended to acquaint the tech- 
nical student and the specialist electro- 
chemist with some of the theoretical and 
practical aspects of electrochemical re- 
actions. The author considers the laws 
of electrolysis, electrolytic conductance 
and transport and ionic activity; ionic 
equilibria, reversible and_ irreversible 
processes; reference electrodes and cells; 

Electric double layer and _ electroki- 
netic phenomena, electrochemical meas- 
urements, theoretical and practical as- 
pects of metallic corrosion; general 
principles of technical electrolytic proc- 
esses, cathodic and anodic processes and 
electrochemistry as a source of energy 
in primary and secondary and fuel cells. 

There is an alphabetical subject index 
and bibliography. 


Sea Horse Institute 
Announces Five Sessions 


Scheduled meetings of the Sea Horse 
Institute and special engineering groups 
at the Harbor Island test station of the 
International Nickel Co., Inc., have 
been announced as follows: 

April 24-26—Petroleum engineers. 


May 8-10—Marine and power engi- 
neers. 

May 27-29—Chemical engineers. 

June 1-14—Sea Horse Institute and 
Marine Borer Conference. 

September 11-13—Small boat build- 
ers. 


Outdoor Storage in Agenda 
At Materials Handling Meet 


Two of the four topics on a session 
devoted to outdoor storage of materials 
are significant to corrosion § control 
workers attending the 7th National Ma- 
terials Handling Conference, Philadel- 
phia, April 29-May 3. The subjects of 
interest, to be discussed during the 
morning of May 1 are: Why Build a 
Warehouse When You Can Store Out- 
side? and What We Need to Know 
About Outdoor Protection. 

American Materials Handling Society 
iS Sponsor. 


Magnetic Particle Testing 
Photographs Published 


Forty-seven reference photograph; 
recently published by the America. 
Society for Testing Materials, 196 
Race St., Philadelphia, Pa. make pos 
sible ready identification of discontinui 
ties in iron and steel castings. Th 
photographs cover linear discontinuties 
shrinkage, inclusions, internal chills ani! 
unfused chaplets, porosity, weld dis 
continuities, false indications and mag 
netic anomalies. The photographs wer 
made available by the Steel Founder: 
Society of America. They cost $2.50, 


Hot Dip Galvanizers to 
Stress Quality Control 


American Hot Dip Galvanizers As 
sociation, Inc., has organized a Qualit: 
Control Committee headed by Fran! 
Soles, Works Manager, Delta-Sta: 
Electric Div., H. K. Porter Co., Inc. 
Pittsburgh and Frank M. Miller, Con 
tracting Engineer, Lehigh Structura 
Steel Co., Allentown, Pa., co-chairmen 
Aim is to stress importance of coating 
that will give long service life. 


Cost Engineers’ Meeting 


Norman Bach, Monsanto Chemical 
Co., Texas City, Texas president of the 
American Association of Cost Engi- 
neers will be among those attending 
the association’s board of directors win- 
ter meeting in New York City Febru- 
ary 14-17. National meeting of the 
group is scheduled June 26-29 at Uni- 
versity of New Hampshire, Durham, 


con 4 
Approx. 


Approximately 7/16 inches high, 
gold, inlaid with bright red 
enamel background to “NACE” 
and deep blue enamel back- 
ground to words “CORROSION 
CONTROL.” Ruby center. 


For Association Members Only 


$10 


Address Orders to 
A. B. Campbell, Executive Secretary 


NATIONAL ASSOCIATION OF 
CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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Here’s a crystal ball 


that accurately predicts metal performance at high temperatures: 


Inco’s in-plant test rack program 














Do you know that Inco sets up a test rack | . a ; és wer 7 : 
containing a large selection of alloys in criti- l THE INTERNATIONAL N — C OMPANY, INC. 
cal hot spots in many types of operations: — l 67 Wall Street, New York 5, N. Y. 
one rack or more... whatever it takes to find l Please send me the High Temperature Work 
out which alloy stands up best under a host Sheet so that I may outline my problem to you. 
of varying high temperature conditions. 
What’s more, Inco’s High Temperature Engineering 7 Name Title 
Service tabulates the data ... analyzes it in a report like 
the one above: complete... accurate... unbiased. | Company 
Perhaps the answer to your high temperature problem | 
has already been found ... if not, we will be glad to ar- | Address 
range for a rack test. All you have to do to get the crystal | City Zone State 
ball rolling is to fill out the coupon below. Do it now. | . 


iXco. THE INTERNATIONAL NICKEL COMPANY, INC. 82.42! 3% 
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NEW PRODUCTS 


Equipment 
Ta 


High Efficiency Filters for gas, oil, 
water and smoke can be made from 
microfibers produced by a process pat- 
ented by American Viscose Corp., 1617 
Pennsylvania Ave., Philadelphia 3, Pa. 
The fibers, which have a permanent 
electric charge, irregular length and di- 
ameters from 0.5 to 10 microns, can be 
made of vinyl, acrylic resins, Nylon and 
polyesters as well as asphalt. 

« 
Kaiser Aluminum & Chemical Corp. has 
purchased the wire and cable business 
of United States Rubber Co. 

ae 


Scotchrap Vinyl tape application meth- 
ods are shown in a 20-minute color mo- 
tion picture “All Holes Barred,” avail- 
able from Minnesota Mining & Mfg. 
Co., Dept. D7-2, St. Paul, Minn. It is 
designed for free showing to workmen 
using vinyl pipe insulating tape. 
@ 


Carbides containing titanium, tantalum 
and tungsten combinations can be brazed 
under unusual conditions using a special 
flux developed by General Electric Com- 
pany’s Metallurgical Products Dept., 
Detroit, Mich. 

* 


Industrial Plastic Fabricators, Inc., Nor- 
wood, Mass. is making a 40-inch PVC 
centrifugal blower rated at 15,000 cfm. 

° 
Heavy Copper-Plated high-strength 
steel communications wire is being made 
now at the Niles, Mich. plant of National- 
Standard Co. It is available in two 
grades, with 30 and 40 percent conduc- 
tivity in both high and extra high strength 
classes. It is produced in standard sizes 
from No. 1 to No. 12 AWG. 

e 


20-Bottle Rotator Oscillators for running 
20 simultaneous tests on corrosion cou- 
pons or for other laboratory purposes 
are available from Labline, Inc., 3070-82 
W. Grand Ave., Chicago 22, Til. The 
oscillators were developed in connection 
with the Pure Oil Co. Research Lab- 
oratories and are described in Bulletin 
5300-1. 

& 
An Air Force nuclear reactor at Bell 
Telephone Laboratory’s Whippany, N: J. 
location will be used by the company 
in tests of properties of solids used in 
military electronic systems. 

® 
Thermopiles for conversion of infra-red 
energy into electrical energy suitable for 
amplification and measurement are de- 
scribed in a 12-page brochure available 
from Jarrell-Ash Co., 26 Farwell St., 
Newtonville 60, Mass. 

6 
Aircraft Door frame structures are in- 
spected at Pan-American Airways, San 
Francisco to locate promptly cracks or 
corrosion and recheck welded repairs. 
\ portable x-ray unit made by Holger- 
Andreasen, Inc., 703 Market St., San 
Francisco, Cal. is used. Failure of areas 
adjacent to windows and doors was 
ascribed as the reason for the disin- 
tegration in flight of British pressurized 
jet transport planes with the loss of 
several score lives. 


G. S. Plastics Co., 15583 Brookpark Rd., 
Cleveland 11, Ohio has been organized 
for custom coating with plastics by 
William A. Munkacsy, formerly presi- 
dent of Munray Products. 

e 


Halocarbon Grease Series 25-10, a chloro- 
fluorocarbon material manufactured by 
Halocarbon Producis Corp., Hacken- 
sack, N. J. is designed for use in lubri- 
cation of areas where its inertness to 
corrosives is important. 

& 
DeVilbiss Spray Finishing schools will 
be conducted at the company’s Toledo 
School beginning on the following dates: 
February 4, March 11, April 1, May 6 
and June 3. 

® 


Solvay Products, a book giving compre- 
hensive information on chemical prod- 
ucts by Solvay Process Division, Allied 
Chemical & Dye Corp. can be obtained 
by writing to Dept. PB, at the com- 
pany’s 61 Broadway, New York 6, N. Y. 
offices. 

« 
Ekki, or iron wood, among the hardest 
natural woods of the world and said to 
have the highest resistance to abrasion 
is recommended as an engineering ma- 
terial for corrosive and other obvious 
services by F. Henry & Sons, Ltd., 73-29 
174th St., Flushing 66, N. Y. Literature 
reports show the timbers have been used 
successfully abroad in salt water as 
piling where service of over 18 years 
without attack by teredos is reported. 
Autracon, an acid resisting wood, is 
highly resistant to rot, termites and 
abrasion also is available from this firm, 
which imports both woods from Africa. 
Literature is available on request. 

e 
Bare aluminum 8-inch pipe was installed 
for 20,000 feet by Lavaca Pipe Line 
Company to bring natural gas to Alu- 
minum Company of America’s Point 
Comfort, Texas plant. The Schedule 40 
pipe is insulated at flanged joints, was 
welded by the argon shielded tungsten 
arc method and is designed to operate 
at pressures slightly under 500 psi. 
Tested at 800 psi, it has a calculated 
bursting pressure of 1500 psi. 

e 
Cathodic Protection Rectifiers, an 8-page 
two-color brochure issued by Good-All 
Electric Mfg. Co., Ogallala, Neb. de- 
scribes and illustrates the company’s 
lines of selenium rectifiers. Copies are 
available on request. 

e 
Butvar, polyvinyl butyral and Formvar, 
polyvinyl formal wash primers designed 
for service where resistance to corro- 
sion is important are described in a 12- 
page booklet available from Dept. EF, 
Shawinigan Resins Corp., Springfield 1, 
Mass. Properties of the two materials 
are discussed and sections on the prop- 
erties of the formulated primer and sug- 
gested end-uses are covered. 

cs 
Pacemaker, a high powered mobile drill 
designed by Mobile Drilling, Inc., 960 
North Pennsylvania St., Indianapolis, 
Ind. can generate up to 5 tons of push 
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or pull ram force, handles 6-foot sec 
tional augers from 3 to 24 inches i 
diameter and drives a full 6-foot strok« 
It bores 150 feet in unconsolidated ma 
terials and up to 600 feet with N rod 
and 1000 feet with A rods. It feature 
the exclusive Mobile Drill hollow ster 
auger which permits undisturbed so 
sampling. 

e 
Spent Pickle Liquor can be regenerate. 
by a process developed by Zahn & Co 
West Berlin, Germany, exclusive right 
to which have been obtained by Kop 
pers Co., Inc. Operating on a continu 
ous cycle, the process maintains th: 
liquor at a consistent concentration an 
saves sulfuric acid. 

* 
Koncour electronic thickness testers op 
erate with an accuracy of 90-95 percent 
accuracy, according to Koncour Co., 
Dept. K-8, 4800 South St. Louis Ave., 
Chicago 32, Ill. A multiple position 
switch permits setting for kind of plat 
ing to be tested. 

° 
Titanium produced in the United States 
during 1956 weighed 5,300 tons in fin- 
ished mill shapes according to Titanium 
Metals Corp. of America, 233 Broadway, 
New York 7, N. Y. More than 11,000 
tons of ingot metal was produced. 
Alpha Plastics, Inc., Okner Parkway, 
Livingston, N. J. has completed a new 
plant exclusively devoted to producing 
polyvinyl chloride pipe and fittings. 

° 
Fairprene T-5594 ready-cured synthetic 
rubber lining material is offered in a 
package including adhesives and primers 
by DuPont’s Fabrics Division. It is 
available only in two-ply, 50-inch widths 
'g inch thick. Bonding with air-drying 
cement has proved satisfactory in field 
tests. 

ca 


Hagan Chemicals and Controls, Inc., is 
the new firm name for Hagan Corpora- 
tion effective January 1, 1957. Sub- 
sidiaries Calgon, Inc., Hall Laboratories, 
Inc. and Buromin Co. were merged into 
the parent company. Calgon and Hall 
will continue as divisions. 

® 
Mallory-Sharon Titanium Corp., Niles, 
Ohio will build a pilot plant to investi- 
gate refining titanium scrap, using a 
new electrolytic process said to yield 
extremely pure metallic titanium. Elec- 
trolytic metal with a Brinell hardness of 
60 has been made in the laboratory. 

’ 


American Lithium Institute, Inc. has 
been formed for the purpose of conduct- 
ing research on lithium and its com- 
pounds, 

° 


Properties of Heteropolymolybdates, a 
15-page bulletin covering properties 

uses, classification, nomenclature and 
preparation of heteromolybdates and 
containing a section on the literature 
related to uses of these compounds has 
been republished by Climax Molybde- 
ne Co., 500 Fifth Ave., New York 36, 
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Paint protection against rapid 


corrosion inside your pipelines! 


In-place coating with Humble’s epoxy internal pipe coatings 
gives you proven protection against rapid corrosion in sour crude oil, salt 
water and natural gas lines. These durable coatings can be applied in a 
single application to pipelines in the ground. In addition to giving lasting 
resistance to sour crudes and brine, Humble epoxy internal pipe coatings 
give a smooth, glossy finish that cuts down paraffin deposition. 

Humble internal pipe coatings are also available in vinyl and 
phenolic formulations. 

For more information on Humble’s complete line of protective 
coatings, see your nearest Humble wholesale plant in Texas and New 


Mexico, or write or phone: 


HUMBLE OIL & REFINING COMPANY 
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Technical Service 

Sales Department 

Humble Oil & Refining Company 
P. 0. Box 2180 

Houston 1, Texas 
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Ted L. Canfield, formerly head of the 
Corrosion Engineering Department of 
consolidated Gas Utilities Corp. is now 
a corrosion engineer in the Tulsa office 
of Cathodic Protection Service. 
e 

Ralph B. Pass, for 2% years a corrosion 
engineer with Southern Natural Gas Co. 
has been assigned to the New Orleans 
branch office of CPS while Leslie L. 
Dickson, formerly with Public Service 
Company of Colorado in its Gas Engi- 
neering Department is now in the firm’s 
Houston office. 


John W. Cosier has been named chief 
product engineer of The Pfaudler Co., 
Rochester, N. Y. 


8 
Conrad F. Nagel, Jr., vice-president of 
Aluminum Company of America, re- 
tired January 1 after 41 years’ service 
with the company. He developed a 
process for feathered aluminum, a type 
used in explosives. 

* 
William H. Weed has been appointed 
manager, Engineering Dept. Mutual 
Chemical Division, Allied Chemical and 
Dye Corp. 

® 
John D. Hoffman has been named head 
of the new Dielectrics Section estab- 
lished at the National Bureau of Stand- 
ards. 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 


This Quantometer at Standard Magnesium means 


POSITIVE QUALITY CONTROL 


At the Tulsa plant of Standard Magnesium Corp., this Quantometer 
analyzes magnesium faster—and to a greater degree of accuracy 
(within .0001%) than any other method. 


What does this mean? . 
consistent high quality. 


. First, because of its great accuracy, it assures 
This means material to your exact specifica- 


tions because a sample of every melt is analyzed before pouring. 


Secondly, 


it gives a printed analysis in a matter of seconds from 


samples speedily delivered from the mill to the lab through pneumatic 
tube systems. Other metal analyzing methods rely on a time consum- 
ing, error-liable human analysis of results. 


This positive quality control is but another reason why Standard 
Magnesium Corp. leads in quality and dependability. 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 


i SE \Mlagnesium 


Corporation 


TULSA, 


MAGNESIUM INGOT e 


MAGNESIUM ANODES »@ 
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Joseph Friedman has been elected presi- 
dent of Chromalloy Corp., White Plai: 
Nu. 

e 
B. D. Thomas has been named direct. r 
of Battelle Memorial Institute, Colu 
bus, Ohio. 

® 


Thomas Dunsheath has been promot. 
to the position of technical director 
the automatic control systems section 
Cook Research Laboratories. 

® 


E. W. Fisher has been named manag 
of the Product Engineering Departme 
of The Garlock Packing Co., Palmyr 
mex. 

. 
Robert H. Brown has been named a 
sistant director of Alcoa Research Lab: 
ratories and Charles J. Walton has be 
named chief of the chemical metallurs 
division. Mr. Brown received the 195 
NACE Whitney Award and Mr. Wa 
ton has been a frequent contributor « 
technical material for publication ji 
CORROSION. 

2 


Paul M. Brister has been appointe: 
manager of the Engineering Desig: 
Section of the Babcock & Wilcox Con 
pany’s Manufacturing Engineering D« 
partment. He will be at the company’s 
3arberton, Ohio works. 

e 


Robert P. White has been vice-president 
in charge of the H. C, Price Company’s 
Pipe Coating Division. He has_ been 
with Price 17 years and manager of th« 
pipe coating division since 1951. 

* 
Harry A. Fedderson has been named 
technical director of Loven Chemical of 
California, Newhall, Cal. 

= 
Victor Mauck, until January 1956 chair- 
man of the boards of the John Wood 
Company and Nicolet Industries, Inc. 
died December 6 at the age of 82. He 
had been associated with the John 
Wood Company for 65 years. He is 
credited with being the first to perfect 
continuous welding of tube steel in large 
diameters and heavy gauges. He was 
one of the founders of the American 
Welding Society. 

cS 
Andrew J. Frank, a University of IIli- 
nois graduate has been assigned as 
research chemist to the Metallurgy Divi- 
sion at Denver Research Institute, Uni 
versity of Denver, Denver, Col. 

% 
James J. Callahan, senior metallurgical 
engineer for the Thermal Products Di 
vision, Alco Products, Inc. died Decem 
ber 26 at the age of 61. He has been 
associated with the company since 1917 

e 
C. G. Duncombe is now affiliated wit! 
The Hinchman Corp. as a consulting 
engineer and has become a member oi 
the firm’s board of directors. The cor 
poration is embarking on a _ program 
extending its activities into problems 
associated with atmospheric and strean 
pollution. 

® 
Philip J. Olmstead has been appointe 
chief engineer of Goulds Pumps, In 
He is a member of ASME and NACE 

& 
Leslie L. Seigle has been appointed 
manager of metallurgical research a 
the Corporate Research Laboratories o 
Sylvania Electric Products, Inc. 
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1. GENERAL 
1.2 Importance 


1.2.2, 1.7.3, 8.4.3 


How to Sell Corrosion Control to 
Management. J. C. SpaLpInc, Jr. Paper 
before Univ. Oklahoma, Corrosion Control 
Short Course, April 5-7, 1955. World Oil, 
142, No. 1, 170, 172, 175, 176 (1956) Jan. 

How Sun Oil Co.’s corrosion engineers 
put their program across. Instead of try- 
ing to impress management with technical 
data, it was found that corrosion control 
can be sold through use of records, analy- 
ses and calculations that demonstrate posi- 
ive monetary savings. Case history of use 

inhibitors in oil wells is presented to 
illustrate this theory—INCO. 11671 


2. TESTING 
2.3 Laboratory Methods, Tests 


2.3.1, 22.3 
Laboratory Tests for Predicting the 
Behaviour of Metals. C. E. Homer. J. 
irmingham Met. Soc., 35, No. 4, 304-321 
1955) Dec. 
Testing behavior of metals in service 
ith full scale trials or simulative tests; 


corrosion testing; cracking of steel un- 
der repeated stress; hot cracking in 
welding and casting; hot and cold work- 
ing properties. Examples quoted are 
mainly low- and high-alloy steels, some 
reference is made to aluminum alloys.— 
BNF. 11932 


2.4.2, 625, 3.2.4; a0d.3 

Methods of Testing Stainless Steels 
for Their Tendency to Intercrystalline 
Corrosion. (In Russian.) Factory Labo- 
ratory, USSR (Zavodskaia laboratoriia), 

, No. 11, 1314-1345 (1955). 

Zonal peculiarities resulting from weld- 
ing. Corrosion media. Basic reasons for 
tendency to corrosion. Micro-structural 
peculiarities; distribution of ferrite and 
austenite grains. Graphs, micrographs, 
diagrams, tables. 68 references—BTR. 

11876 


2.3.2, 2.4.2, 6.2.5 


All-Glass Multiple-Test Apparatus for 
Corrosion Testing of Stainless Steels. 
J. V. Acer, E. C. Roserts, R. P. Lent 
AND G. W. AwnpberTon. Bull. Am. Soc. 
Testing Materials, No. 214, 57-60 (1956) 
May. 

Describes construction and perform- 
ance of an all-glass multiple-test appa- 
ratus for evaluating susceptibility to 
intergranular corrosion and _ corrosion 
resistance of stainless steels in boiling 
65 percent nitric acid. Since corrosion 
products are removed by gravity flow 
as they are formed, apparatus gives re- 
sults in good agreement with those ob- 
tained by testing material singly in flasks 
where enough acid is used to dilute cor- 
rosion products (Huey Test). Tables 
and graphs compare data obtained with 
multi-sample test and standard test on 
Types 304L, 309SCB, 347 and 308L. 
Diagram of apparatus.—INCO. = 11923 


2.3.4, 3.6.2 

Methods of Studying the Corrosion of 
Metals at Contact Interfaces. (In Rus- 
sian.) I. L. RozENFELD AND I. K. MArSHA- 
Kov. Factory Lab., USSR (Zavodskaia 
laboratoriia), 21, No. 11, 1346-1353 (1955). 

Peculiarities of corrosion along con- 
tacts of varying tightness between metal 
and porcelain, glass, bakelite or other 
metals. Relation of total corrosion losses, 
intensity of corrosion and area affected 
to the size of the interspace in acid elec- 
trolytes of varying strength. Graphs, 
diagrams, 9 references.—BTR. 11916 


2.3.4, 5.8.1, 8.4.3 

A Laboratory Method for the Evalu- 
ation of Oil Production Corrosion In- 
hibitors. Davin B. Borers. Corrosion, 12, 
No. 8, 371t-375t (1956) Aug. 

A test method used to screen and 
evaluate oil production corrosion inhib- 
itors is described. Laboratory conditions 
are made to approximate field conditions 
as closely as possible with 20 ga mild 


JANUARY “a” NUMBERS 
Note: Addition of the affix “t” to 
the serial pagination of the Sia. 
rosion Abstract Section in the Jan- 
uary, Pages la through 18a, was 
incorrect. These pages’ should 


bien SF 


have had the affix “a. 


steel (SAE 1010) as the test specimen. 
The effects on inhibitor performance of 
such variables as temperature, oil-brine 
ratio, aromatic content of oil blend and 
composition of gas phase are shown 


graphically. 11886 


2.3.5, 4.5.3, 5.2.1 

Installation for Studying the Anti- 
Corrosion Potential of Metal in Soil. 
(In Russian.) N. D. ToMAsHov AND Iv. 
N. MrxwatLovskit. Factory Lab., USSR 
(Zavodskaia laboratoriia), 21, No. 11, 
1380-1382 (1955). 


Circuit of installation for stabilization 
of electrode potential in soil during ca- 
thodic polarization. Change in cathodic 
current density with time during polari- 
zation of cast-iron electrode in soil. Effect 
of moisture of soil on corrosion rate. 
Circuit diagram, graph, table—BTR. 

11914 


2.3.5, 5.2.1 


Model Tests for Invesigating Cathodic 
Protection in Soil. T. Markovic. Werk- 
stoffe u. Korrosion, 6, No. 12, 580-581 
(1955) Dec. 

To clarify corrosion processes of 
buried metals, corrosion tests were car- 
ried out under varying conditions of 
water-air content ratio by means of 
model cells; these cells consisted of two 
electrodes of different metals of the same 
size. Iron in contact with zinc was found 
almost completely protected under in- 
creased attack of the zinc as the base 
electrode if oxygen was eliminated. This 
means that the accession of oxygen to 
the electrode is hindered by saturation 


of the soi 11743 


2.3.7 


Abrasive Jet Method for Measuring 
Abrasion Resistance of Organic Coat- 
ings. A. G. Roperts, W. A. Crouse AND 
R. S. Pizer. Bull. Am. Soc. Testing Matls., 
No. 208, 36-41 (1955) Sept. 

New method for measuring abrasion 
resistance of coatings utilizing jet of fine 
abrasive particles that abrades through 
coating to substrate. Flow rate, pres- 
sure, distance and angle controlled —BL. 


11812 


2.3.7, 2.1.1, 3.5.8 


1) The Statistical Interpretation of 
Fatigue Tests. 2) Application of Statis- 
tical Analysis to the Interpretation of 
the Results of Fatigue Tests. (In Italian.) 
F. Gatto. Alluminio, 24, No. 6, 543-554, 
555-560 (1955) Nov./Dec. 

1) Reviews the various statistical meth- 
ods for the interpretation of fatigue test 
results. 21 references. 2) Deals in greater 
detail with two methods proposed by the 
author (that of data rearrangement and 
that of local averages), using data for 
Ergal 65-type alloys (aluminum-8 zinc- 
2.6 magnesium-1.6 copper). See also 
Gatto’s paper in the [UTAM Colloquium.) 

IF. 11816 


—B) 


2:32 

The Effect of Varying the Experimen- 
tal Factors Upon the Results of the 
Mylius Corrosion Test. (In Hungarian.) 
Gasor Szonyr. Hungarian J. Metallurgy 
(Kohaszati lapok), 10, No. 10, 444-451 
(1955) Oct. 

Investigations for determining the 


194 
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sources of error, limits of accuracy and 
recommended applications. Graphs, tables, 
micrographs, photographs, diagram. 13 ref- 
erences.—BTR. 11554 


2.3.7, 3.5.3 

Determination of Cavitation by Means 
of Brittle Coatings. (In Russian.) E. V 
Trironov AND V. I. Dumov. Energomashi- 
nostroenie, No. 1, 25-26 (1955) October. 

Composition and application technol- 
ogy for varnish coatings. Use in study 
of cavitation in centrifugal pumps. Causes 
of cavitation. Photographs, graphs. 4 ref- 
erences.—BTR 11748 


2.3.7, 6.6.6 

Present Tendencies in the Evaluation 
of the Mechanical Strength of Refrac- 
tory Products at High Temperature. (In 
Italian.) J. Baron. Metallurgia Italiana, 
48, No. 1, 10-14 (1956) Jan. 

Investigation of the usefulness of sink- 
ing and creep tests for silicon dioxide 
and aluminosilicate refractories —BNF. 


11934 


2.3.9 

Quantitative Determination of the 
Wear of Machine Parts by Means of 
Radioactive Tracers. (In Russian.) Yu. 
S. ZASLAVSKY AND G. I. SHor. Bull. Acad. 
Sci. URSS (Izvest. Akad. Nauk SSSR), 
Technical Sciences Section, No. 4, 43-52 
(1955). 

A radioactivated steel shaft was ro- 
tated in contact with a slip ring immersed 
in oil. The oil was continuously pumped 
round a circuit which included heating 
and cooling coils and passed over coun- 
ters. The counting rate due to radio- 
activated wear particles in the oil was 
carefully compared with the weight loss 
of the shaft. Agreement was ~ +5%. The 
apparatus was used to determine wear 
rates of piston rings as a function of 
speed, temperature of the lubricant and 
chemical nature of the lubricant. 15 ref- 
erences.—MA. 11829 


2.3.9, 7.1, 6.3.6 

The Use of Radioisotopes in Studying 
the Wear of Structural Constituents of 
Bronze. (In Russian.) V. E. VAINSHTEIN 
Bull. Acad. Sct., URSS  (lzvest. Akad. 
Nauk S.S.S.R.), Technical Sciences Sec- 
tion, No. 5, 114-118 (1955). 

Apparatus and technique are described 
for studying wear in antifriction bear- 
ings. A bronze bearing containing tin 5, 
zine 5, and lead 10% was made up, using 
radioactive tin, zinc and lead. Wear of 
the bearing was studied by causing the 
oil in a feed-lubrication system to pass 
over counters after lubricating the bear- 
ing. Concentration of individual metals 
in the oil was obtained by suitable choice 
of the isotopes used and suitable screen- 
ing of the counters. Results were: i) In 
the period of running-in of the bearings, 
loss of lead (which is present in the 
alloy in free form) proceeds faster than 
loss of the solid solution of tin and zinc 
in copper. ii) The presence of dust in 
the lubricant reduces the initial wear of 
the bearing. i) After the initial running- 
in period, the presence of dust in the lu- 
bricant increases the rate of wear of 
bronze and also of steel—MA. 11813 


2.6 Preparation and Cleaning 
of Specimens 


2.6, 2.3.7 

A Simple Graphical Method for 
Checking the Adequacy of Stress Cor- 
rosion Specimen Dimensions Against 


20a 


Stress Concentrations: A Technical 
Note. Rosert H. Hay. Corrosion, 12, No. 
4, 171t-173t (1956) April. 

The design problem created by the 
anomalous failure of thin stress corro- 
sion sheet specimens at the loading pin 
holes is described. A simple theory tak- 
ing into account stress concentrations 
due to holes and fillets is developed and 
is reduced to a convenient, easy-to-use 
graphical form which is explained by 
examples of its use. 11082 


3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.1 General 


3.1, 4.3.2 

Causes of Corrosion. Part II. (In Ger- 
man.) H. GrusirscH. Chem.-Ing.-Tech., 
28, No. 1, 9-24 (1956) Jan. 

The corrosion processes of the system 
metal/solution is discussed, with special 
reference to the fundamentals and phe- 
nomena of the primary reactions of acid 
corrosion. A further concluding report 
will deal with the corrosion by neutral 
electrolyte solutions. Graphs, diagrams, 
table. 396 references.—BTR. 11620 


3:1; 5:1; 23:4, 13 

Corrosion of Metals. S. C. Britton. 
Reports on the Progress of Applied Chem- 
istry, 1954 (Soc. Chem. Ind.), 1955, 105- 
116. 

Experimental methods; high tempera- 
ture, atmospheric, aqueous and under- 
ground corrosion; special corrosive agents 
and resistant materials; inhibitors; pro- 
tective coatings; cathodic protection. 118 


references.—BNF. 11708 


3.2 Forms 


3.22, 2/0:1 

Pinholes in Thin Steel and Pinhole 
Detecting Apparatus. G. H. RENDEL. 
U. S. Steel Corp. Iron Steel Engr., 32, 
No. 11, 57-64; disc., 64 (1955) Nov. 

Discusses the types and causes of per- 
formations, need and functions of pinhole 
detectors and development of pinhole 
detecting equipment from earliest to 
most recent models.—INCO. 11794 


3.2.2, 5.9:2 

Proper Rinsing Practice Curbs Pin- 
point Corrosion. L. J. Brown, S. SPRING 
AND W. J. HeNNeEsSEY. Pennsylvania Salt 
Mfg. Co. Iron Age, 176, No. 22, 110-114 
(1955) December 1 

Investigation of pinpoint corrosion, 
long a problem in the steel industry, 
shows that rust of this type can be in- 
fluenced by rinse water composition. 
Results of laboratory tests on steel sam- 
ples are given, In Method A, pinpoint 
rust was formed by simple exposure to 
humidity, while in Method B, panels 
were box annealed, then exposed to hu- 
midity. Effects of rinse water on type of 
rust, alkalinity source of pinpoint cor- 
rosion, anions and cations in rinse water 
on occurrence of pinpoint rust and final 
rinse on rust formation were among 
variables studied on black plate panels. 
Defect was reproduced by using low 
concentrations of alkali plus certain 
anions—the worst being chloride. Rins- 
ing off offending ions with distilled water 
or steam condensate may prevent this 
form of corrosion. Tables, photomicro- 
graphs.—INCO. 11793 
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3.2.3, 3.5.9 


Structure of Oxides Formed on High- 
Temperature Alloys at 1500 F. Joun F. 
RapavicH. Paper from “Symposium jn 
Basic Effects of Environment on tie 
Strength, Scaling, and Embrittlement of 
Metals at High Temperatures.” AST \ 
Special Technical Pubn. No. 171, 19 5, 
14-31; disc., 32-34. Available froin 
American Society for Testing Materia's 
Philadelphia. 

A study of the oxide structures form 
on various alloys by means of elect: 
microscopy and electron and X-ray 
fraction. Tables, micrographs, 13 refir 


ences.—BTR. 117 


3.4 Chemical Effects 


3.4.8, 3.5.9, 8.4.3 


Collection and Correlation of Hizh 
Temperature Hydrogen Sulfide Corro- 
sion Data. A Contribution to the Work 
of NACE Task Group T-5B-2 on Sul- 
fide Corrosion at High Temperatures aid 
Pressures in the Petroleum Industry from: 
The M. W. Kellogg Co., New York, N. Y 
G. SorELL AND W. B. Hoyt. Corrosion, 12, 
No. 5, 213t-234t (1956) May. 

Corrosion by gas mixtures containing 
hydrogen sulfide at elevated temperatures 
is reviewed, with particular emphasis on 
the types of environments present in cata- 
lytic reforming and desulfurizing units of 
petroleum refineries. Data compiled from 
the published literature, from laboratory 
and field tests, as well as from pilot and 
commercial plant experience are summa- 
rized and correlated. 

Within the general limits of conditions 
existing in these types of units, corrosion 
is shown to depend primarily on tempera- 
ture and hydrogen sulfide partial pressure. 
Summary curves showing corrosion rates 
as functions of these two variables are 
presented as a guide for equipment design. 

The corrosion resistance of carbon steel 
and chrome-moly alloy steels is approxi- 
mately equal in the environments studied; 
the 12 Cr stainless steels offer slight im- 
provement but their performance is erratic. 
The 18 Cr-8 Ni stainless steels possess 
excellent resistance except under the most 
severe service conditions. Aluminum coat- 
ings are practically immune to hydrogen 
sulfide attack. There is, however, insuffi- 
cient expe rience to appraise their perma- 
nence in prolonged service. 

The nature and mechanism of hydrogen 
sulfide corrosion is discussed with special 
emphasis on the properties of sulfide 
scales. 11284 


3.4.9, 4.6.1, 4.7, 1.6 

A Study of the Reaction of Metals 
and Water (Interim Report). H. M. 
Hicatns. Aerojet General Corp. U. S. 
Atomic Energy Commission Pubn., 
AECD-3664, April 15, 1955 (Declassified 
with deletions August 11, 1955), 62 pp. 

The molten metals zirconium, Zirca- 
loy-2, uranium, uranium-molybdenum 
alloy, aluminum, aluminum-lithium- al- 
loy and magnesium were introduced 
into water in order to determine whether 
or not violent reactions would result. As 
long as the molten metals remained as 
comparatively large globules, the reac- 
tion ceased after some surface scale 
formed. When a means of dispersing 
the molten metals in water was pro- 
vided, all those tested except aluminum 
underwent a violent reaction (uraniuin 
and the alloy of uranium and molybde- 
num were not tested using the dispersal 
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ethod). Pressure-time records and other 
data were obtained which indicate the 
iegree of damage that might be ex- 
ected from violent reactions of these 
etals and water. Corrosion-rate tests 
re made on zirconium, uranium- 
ilybdenum alloy and stainless steel in 
ter at atmospheric pressure. Corro- 
n-rate tests were made on zirconium 
d uranium in water vapor at 600 psi. 
ith).—NSA. 11545 


3.4.9, 2.4.2, 3.5.8 
influence of Moisture on Friction and 
rface Damage of Clean Metals. R. O. 
NIELS AND A. C. West. Lubrication 
1, 11, No. 4, 261-266 (1955) July- 
gust. 
New, controlled atmosphere, low speed 
‘tion apparatus for fundamental bound- 
lubrication studies is described, In- 
tigation of effects of moist surrounding 
nosphere and bulk water on kinetic 
tion of high purity, unlubricated met- 
and theory explaining behavior in 
ms of oxidizing reaction which occurs 
contacting asperities as they deform 


given.—BL. 11773 


3.5 Physical and 
Mechanical Effects 


3.5.3 
Behaviour of Materials Under Cavita- 
ion Conditions. (In German.) F. Erp- 
\NN-JESNITZER, Werkstoffe u. Korrosion, 
No. 5, 249; disc., 249 (1955) May; 
srrosion VIII Dechema Jahrestagung 
154, 1955, 127; disc., 127. 
Weight loss/time curves were obtained 
ferrous and non-ferrous metals as 
ll as for glass, plastics and rubber in 
a water-cavitation apparatus. In most 
metals and alloys, after an incubaiton 
period, cracks develop normal to the 
siirface, first at the grain boundaries in 
an intercrystalline manner. Later they 
become intracrystalline. The relation be- 
tween anisotropy of elastic modulus and 
ivitation cracking is discussed.—MA. 


11782 


35:35 7-0 

Cavitation Decay on Powerful Hydro- 
turbine Blades. (In Russian.) I. R. Kri- 
ANIN. Energomashinostroenie, No. 3, 14- 
18 (1955) December. 

Influence of material and certain con- 
struction factors on intensity of cavitating 
decay of blades. The main cause of decay 
is the presence of bolt holes, Diagrams, 
photographs. 5 references.—BTR. 


11926 


3.5.8 
The Contact Resistance and Mechani- 
cal Properties of Surface Films on Met- 
als. R. W. Witson. Proc. Phys. Soc. (Eng- 
land), 68, Pt. 9, 625-641 (1955) Sept. 1. 
The nature of the contact between 
sliding metal surfaces has been investi- 
gated by measuring the electrical con- 
tact resistance and the coefficient of 
friction between them. Observations were 
made over a wide range of conditions 
which extended down to very light loads 
i only a few milligrams so that the in- 
Huence of surface films might be studied. 
\lany noble and base metals have been 
investigated in both clean and lubicated 
ates. The contact between certain typi- 
cal pairs of dissimilar metals has also 
heen studied. It was found that at loads 
helow a few grams the oxide film on 
hase metals prevented actual metal-to- 
etal contact almost entirely. At higher 
ads the film was disrupted and metallic 
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contact occurred. The change from 
oxide-on-oxide to metal-on-metal sliding 
was usually accompanied by changes in 
the coefficient of friction, the nature of 
the sliding and the appearance of the 
track. These experiments have shown 
that the behavior of oxide, Beilby and 
lubricant films on metal surfaces follow 
the same pattern and that a single gen- 
eral picture, based on the theory of the 
sliding between clean metals at heavy 
loads, can be given which will describe 
their influence on the contact and slid- 
ing between metals. (auth)—ALL, 
11909 


So Se 

Surface Film Formation and Lubrica- 
tion. J. K. Lancaster. Research Corre- 
spondence (Supplement to Research), 8, 
No. 7, $33-S35 (1955) July. 

Variation of equilibrium contact (elec- 
trical) resistance with speed for chromium 
and a 0.4% carbon steel on tin-base 
Babbitt were determined, using various 
lubricants. As the tendency for the 
metal/lubricant combination to form a 
protective solid surface film increased, 
the easier it became for hydrodynamic 
lubrication to be achieved and hence the 
“anti-friction” properties improved.— 


BNF. 11894 


3.5.8, 3.5.9 

Stress/Strain Curves of Some Metals 
at Low Temperatures and High Rates 
of Strain, H. G. Baron. J. Iron Steel Inst., 
182, No. 4, 354-365 (1956) April. 

Comparative tensile tests on iron, steel 
18/8 stainless, Duralumin (HE14), tough 
pitch copper, and leaded brass, at 20, 
—78 and —196 C at strain rates at 10° 
and 10° in./in./sec.—BNF. 11868 
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3.5.8, 6.3.6 

The Problem of Stress Corrosion of 
Homogeneous Solid Solutions. Part IV. 
Tensile Properties of Copper-Gold and 
Copper-Zinc Solid Solutions under the 
Influence of Mercury and Chemical Re- 
agents. (In German.) L. GraF anp H. 
Katte. Z. Metallkunde, 46, No. 9, 673- 
680 (1955) Sept. 

Decrease in tensile strength depend- 
ing on the alloy concentration (maxi- 
mum at 50 at.% copper-gold and copper- 
zinc), under the influence of mercury 
(“solid solution effect’ mentioned in 
Part III) is investigated: similar effect 
(stress corrosion) with chemical reagents 
(e.g., 2% ferric chloride solution, am- 
monia/steam/oxygen, aqua regia), but 
this shows maxima at 20-25 at.% gold 
or zinc and disappears at 50%. Pure 
metals do not show the effect. Raised 
reactivity of the grain boundary with 
increasing solid solution and the mecha- 
nism and significance of intercrystalline 
crack formation are discussed with ref- 
erence to intercrystalline crack forma- 
tion in stress corrosion—BNF. 11735 


35.8273 

Stresses in Welded Pressure Vessels. 
W. P. KerKHOoF. Ingenieur (Utrecht), 67, 
Nos. 45, 46, W131-W138, W141-W148 
(1955) Nov. 11, Nov. 18; Engrs.’ Digest, 
17, No. 1, 24-28 (1956) Jan.; Welding J., 
35, No. 1, 41s-59s (1956) Jan. 

Allowable stresses, design stresses and 
rupture theory for welded pressure ves- 
sels and boilers, Definitions of various 
stresses, limitations and simplifications 
for calculation, possibilities of failure, 
plastic deformation, rupture, shear strain 
theory, internal stresses, total stresses 
and stress range, stress corrosion, weld 
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efficiency and weld defects are discussed. 
Calculations are made for out-of-round- 
ness of cylindrical shells for localized 
stresses in carbon steel; for allowable 
stress range for cylindrical shell at 650 
F, at atmospheric temperature and be- 
tween these temperatures; and for domed 
ends. These calculations are compared 
with established practice and existing 
codes. Diagrams, graphs, tables —INCO. 

11759 


358, 75:5; 62.3 

Studies on the Brittle Failure of 
Tankage Steel Plates. F. J. Frery, Jr, 
M. S. Norrurup, S. R. KLeprpe aANp M. 
GENSAMER. Paper before Am. Welding 
Soc., Nat'l Fall Mtg., Philadelphia, Oc- 
tober 17-21, 1955. Welding J., 34, No. 12, 
596s-607s (1955) Dec. 

Final report on investigations into cause 
of brittle failure undertaken by the Esso 
Research & Engineering Co, as a result 
of failure of two large oil storage tanks. 
Object was to study progress of brittle 
fractures under conditions similar to 
those in real structures and to correlate 
results of such studies with values ob- 
tained from conventional tests. Effect of 
impact energy, effect of plate size, ex- 
perimental technique of Esso Brittle 
Temperature test, backing-up effect, ef- 
fect of localized cooling, independence 
of stress requirement and crack size, 
Griffith theory and nature of long cracks 
in steel plates are discussed. Effects of 
plate thickness and chemical composi- 
tion are considered in evaluation of tank 
steels. Summary is made of the chemi- 
cal, physical, Charpy impact values, grain 
sizes and Esso Brittle Temperature for 
all the steels tested. Correlation is shown 
between Esso Brittle Temperature and 
Charpy V-notch impact temperature. 
Tables, graphs —INCO. 11781 


3.5.9, 4.2.3, 4.3.3 

The Effects of Contamination by Va- 
nadium and Sodium Compounds on the 
Air-Corrosion of Stainless Steel. G. W. 
CUNNINGHAM AND ANTON DES. BRASUNAS. 
Corrosion, 12, No. 8, 389t-405t (1956) 
August. 

The acceleration of high temperature 
corrosive attack on heat-resistant alloys 
caused by the presence of vanadium 
compounds is well established. The pro- 
gressive addition of sodium sulfate to 
the vanadium contaminant indicates that 
the most corrosive mixture is approxi- 
mately 20 percent sodium sulfate—80 
percent vanadium pentoxide. The survey 
of the melting temperatures of various 
vanadium pentoxide—sodium sulfate mix- 
tures shows no direct correlation to cor- 
rosive behavior. There appears to be a 
strong indication, however, that unusu- 
ally high oxygen solubility in the molten 
contaminant containing 20 percent so- 
dium sulfate may be responsible for its 
unusually high corrosiveness. This makes 
it possible to postulate a more satisfac- 
tory theory of the mechanism of corro- 
sive attack which need not involve a 
solid phase at the reaction interface. 

Additions of calcium oxide, strontium 
oxide and carbon were particularly effec- 
tive in reducing the intensity of attack. 
The effectiveness of carbon 1s restricted 
to short time intervals during which it 
became oxidized. 11929 


3.6 Electrochemical Effects 


3.6.2, 6.3.15, 3.8.3 

The Role of Crevices in Decreasing 
the Passivity of Titanium in Certain So- 
lutions. Davin SCHLAIN AND CHARLEs B. 


22a 


KENAHAN, Corrosion, 12, No. 8, 422t-426t 
(1956) Aug. 

Crevices increase the tendency of tita- 
nium to corrode in certain solutions in 
which it normally is made passive by 
air. This increase in the corrosion rate 
occurs most consistently in air-saturated 
1 N sulfuric and 1.6-1.75 N hydrochloric 
acid solutions. Corrosion is not confined 
to crevices but appears to be uniform 
over the entire surface, An explanation 


is presented. 11930 


3.6.8, 4.3.2 

Oxygen Overvoltage in Concentrated 
Acid Solutions. Part I. Perchloric Acid. 
T. R. Beck anp R. W. Moutton. J. Elec- 
trochem. Soc., 103, No. 4, 247-252 (1956) 
April. 

Oxygen overvoltage was measured on 
platinum electrodes in 5M _ perchloric 
acid from —45 to +40 C and in 0.005- 
9M perchloric acid at 0 C. A limiting 
current density that was found is due to 
activation overvoltage at the anode sur- 
face. This limiting current density de- 
creased at lower temperatures and in 
higher perchloric acid concentrations. It 
also marked the beginning of ozone for- 
mation. Adsorption of perchlorate ions 
is believed to be the cause of the limit- 
ing current density. Illustrations—INCO. 

11869 


3.7 Metallurgical Effects 


3:10 

Six Ways Wire Thread Inserts Im- 
prove Fastener Performance. P. FE. 
Wore AND A. H. Mussonuca. Heli-Coil 
Corp. Materials & Methods, 42, 112-115 
(1955) Oct. 

Standard wire-thread inserts coiled 
from 18/8 (AMS 7245) stainless steel 
wire of diamond cross section solve 
many fastening problems. They provide 
higher loading strengths than do stand- 
ard tapped threads in the same material. 
Because of the smoother rolled surface, 
they are less susceptible to and cause 
less frictional wear at mating surfaces. 
They lock themselves into the tapped 
hole and thus prevent wear caused by 
equipment vibration. The hard, dense 
surface also renders them immune to 
seizing and galling, even up to 800 F. 
Inserts in chromate-treated and lacquered 
C-T6 magnesium castings showed no 
galvanic corrosion in 200-hr. salt spray; in 
similarly treated 356-T6 cast aluminum, 
there was no corrosion after 500-hr. salt 
spray. The stainless-steel inserts com- 
pletely solved the corrosion problem in 
aluminum housings for radar scanners 
exposed in arctic and marine atmos- 
pheres. They are smaller in diameter 
than solid bushings and require less 
space for installation. This, in addition 
to their ability to strengthen threads in 
soft materials, has made it possible to 
use lighter metals and plastics in various 
products and to reduce the weight and 
space of entire assemblies —PDA. 

11873 


3:43 

Interface Phenomena During Brazing. 
Kart M. Weicert. Metalloberflache, Sec. 
A, 9, No. 3, 44-45 (1955). 

Cf. Welding J., 34, No. 5, 420 (1955). 
A brief review of the constitution and 
the mechanical properties of silver braz- 
ing alloys (silver-copper-zine and silver- 
copper-cadmium) and the manner in 
which such materials may react with the 
metals of the components during braz- 
ing operations—which may cause alter- 
ations in corrosion-resistance, intercrys- 


Vol. 13 


talline diffusion with nickel alloys resulting 
in embrittlement and the generation 
internal stresses with the consequent | 
bility to stress-corrosion. 8 references 
MA. 11& 


3.7.3 

Preliminary Investigation of Prop: 
ties of High-Temperature Brazed Joints 
Processed in Vacuum or in Molten Sait. 
C. A. GyorGAK AND A. C. FRANCcISco. } 
tional Advisory Cttee. for Aeronauti 
Tech. Note 3450, May, 1955, 29 pp. 

Shear joints in high alloy steels w: 
brazed with nickel-chromium-silicon-bo 
alloy in a salt-bath and in vacuum. Br 
ing times and temperatures were vari 
and the effects of an (unspecified) p 
tective coating on the base metals a 
addition of nickel powder to the brazi 
allov (to reduce erosion) were studic:I. 
—BNF. 1180 


SFB hak 

Performance of Joints in Steel and 
Non-Ferrous Conduits and Fittings 
(Excluding Copper). L. GosLanp. E.R. \. 
Tech. Rep. V/T 119, 1955. 18 pp. British 
Electrical‘ and Allied Industries Re- 
search Association, Thorncroft Manor, 
Dorking Road, Leatherhead, Surrey. 

Results of 18 months’ tests under 
various conditions. There was little de- 
terioration in electrical continuity of 
joints made from any combination of 
aluminum alloy, zinc alloy or steel con- 
duit and fittings, providing the joints 
were tight and the threads were greased 
immediately on cutting. An appendix 
gives the results of similar tests made 
by Tube Investments Ltd.—BNF. 

11741 


3.7.3, 3.5.8 

Researches on Fatigue of Metals at 
Mechanical Engineering Research Labo- 
ratories. East Kilbride. C. E. Puiiitrs. 
Trans. Inst. Engrs. Shipbuilders Scot., 99, 
No. 3, 173-192 (1955-1956). 

Investigations since the establishment 
of the laboratory in 1950 have included 
work on pin joints, screw threads, fa- 
tigue crack propagation, low endurance 
fatigue studies. Reference is made to 
steel and to aluminum. Attention is 
drawn to gaps in existing knowledge 
and indication given of useful directions 
for further research—BNF, 11908 


3:71.38, a0e 

Correlated Fatigue Data for Aircraft 
Structural Joints. R. B. Heywoop. Aero- 
nautical Research Council Tech. Rept. C.P. 
No, 227, June, 1955, 9 pp. Available from: 
H. M. Stationery Office, England. 

Results of fatigue tests carried out at 
the Royal Aircraft Establishment on 
typical aircraft wing structural joints 
are correlated to give an indication of 
general fatigue behavior. Results are 
given as S-LogN curves and _ indicate 
that no single factor, e.g., type of alu- 
minum alloy, U.T.S. or mean stress of 
fatigue cycle can indicate the mode of 
behavior.—BNF. 11823 


3.7.3, 6.4.2 

Effect of Cold-Rolling on Corrosion of 
Aluminum-Copper Alloys. M. MrKami 
AND K. Hasuiura. J. Japan Inst. Metals, 
19. No. 7, 442-444 (1955) July. 

Refers to an experiment made to in- 
vestigate relations between cold-rolling 
and corrosion of solution-treated alu- 
minum-copper alloys in 10% hydrochlo- 
ric acid solution at 30 C. Measuring the 
volume of hydrogen produced in the re- 
action gave the following results: 1) 
Corrosion increased with copper content 
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the alloys. 2) Cold-rolling decreased 
rrosion of the alloys to some degree, 
t further cold working increased cor- 


sion.—J SPS. 11881 


4, 6.3.6 
Structure-Dependent Chemistry of 
Metal (Copper) Surfaces. W. D. Rosert- 
_ “Impurities and Imperfections” (Am. 
. Metals), 1955, 170-185. 
Investigations into the stability of 
stallographic planes of copper by 
dy of copper/mercury cells and the 
icture-dependence of chemical reac- 
is such as etching which occur at the 
faces of pure metals and alloys are 
iewed. The effects of dislocations, 
n boundaries, solute atoms and slip 
ds on reaction rate are described. 15 


erences.—MA. 11912 


8 Miscellaneous Principles 


2, 6.2.2, 6.3.10 
Zlectrochemical Properties of Alloys. 
rt V. On the Anodic Behavior of 
m-Nickel Alloys in Sulfuric Acid So- 
ion. S. MortoKA AND K, SAKIYAMA. J. 
an Inst. Metals, 19, No. 1, 31-34 (1955) 
Me 
\ series of anodic polarization tests 
iron-nickel alloys with varying nickel 
itent were carried out in sulfuric acid 
ution, Results obtained: 1) The higher 
nickel content, the greater the polar- 
ition for anodic dissolution of active 
oys. Increase in nickel favored the 
set of anodic passivity of the alloy 
odes. 2) When a passive condition is 
iched the anodic dissolution of iron 
d iron-rich alloys of less than about 
% nickel ceases almost entirely; anodic 
lissolution of nickel and nickel-rich al- 
vs of more than about 60% nickel does 
t cease entirely, the dissolution of the 
latter being due to the greater anodic 
oxidation, the higher the nickel content 
and the higher the anode potential. 3) 
Iron-nickel alloys passivated by anodic 
polarization are only temporarily pas- 
sive. 4) In sulfuric acid solution the 
a-phase alloys containing less than 30% 
nickel were found to be about 0.15-volt 
less noble than the Y-phase alloys con- 
taining more than 30% nickel. 5) The 
formation of the ordered lattice NisFe 
in alloys reduced the anodic dissolution 
of the alloys.—JSPS. 10915 


3.8.2, 6.3.21 
Experiments on the Interface Between 
Germanium and an Electrolyte. W. H. 
BRATTAIN AND C, G. B. Garrett. Bell Sys- 
tem Tech. J., 34, No. 1, 129-176 (1955). 
Electrode potentials, V, or p- and 
n-type germanium in contact with aque- 
is solutions of potassium hydroxide, 
tassium chloride and hydrochloric acid 
were measured as a function of anodic 
il cathodic current, and of incident light 
tensity. For anodic currents, V com- 
rises three parts, viz. 1) the reversible 
ectrode potential corresponding to the 
odic reaction, depending only on the 
solution; 11) an overvoltage of the usual 
rm; and iii) a term, kT/e log (p:/p), 
where p is the equilibrium hole concentra- 
tion and p; is the concentration just inside 
e space-charge region of the germanium. 
he anodic current is determined by the 
»w of holes to the surface, so that the 
current saturates for 7-type germanium, 
hut not for p-type. The saturation current 
determined by body- and surface-genera- 
m of holes and by the creation of excess 
les by light. There is a current gain of 
4-1.8; in addition there is a small “leak- 
ge” current not dependent on hole supply. 
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Similar statements can be made for ca- 
thodic current, except that V and current 
are determined, respectively, by concen- 
tration and supply of electrons instead of 
holes; current gain is ~1 and the leakage 
current is larger. Complicating time-effects 
characterize cathodic but not anodic cur- 
rents. The results are interpreted in terms 
of simple thermodynamic theory, and a 
comparison is made with results obtained 
by Brattain and Bardeen [ibid., 32, 1 
(1953)] relating to the germanium/gas 
interface to which similar considerations 
apply. The surface recombination velocity 
at the surface of an 7- or p-type ger- 
manium surface in contact with an electro- 
lytic is > a few hundred cm(sec. and is 
less when passing anodic than cathodic 
current. 20 references—MA. 11416 


125 


3.8.2, 3.8.3, 6.2.2 

The Corrosion of Passive Iron in Acid 
Solutions. Kiaus J. Vetter. Z. Elektro- 
chem., 59, No. 1, 67-72 (1955). 

The overall reaction for the corrosion 
of passive iron is given as Fe—> Fe*-+-3e. 
The reaction Fe*? — Fe**-++ e is not the 
mechanism, since it is at least 5% too slow 
A linear relation is obtained between pH 
and corrosion current density. From this 
the rate-controlling reaction is found to be: 
Fe* (oxide) — Fe (ag.). A relation is 
obtained between passivation time and 
corrosion equivalent current density. 14 
references.—MA. 11808 


3.8.2, 5.2.1 
Conventions for the Use of Certain 
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Electrochemical Terms. 1) T. P. Hoar 
AND F. WorMWELL, 2) LAWRENCE WHITBY. 
1) Chemistry and Industry, No. 23, 642- 
643 (1955). 2) ibid., No. 34, 1064 (1955). 


Hoar and Wormwell present sugges- 
tions designed to avoid the confusion 
occasionally resulting from the use of 
different conventions for the sign and 
nomenclature of electrode potentials, 
with particular reference to cathodic 
protection. Whitby criticizes some of 
the proposals.—MA. 11754 


3.8.4 

Mechanism of Oxygen Transfer 
Through Thin Electrolyte Layers. (In 
Russian.) Doklady Akad. Nauk SSSR, 
104, No. 6, 876-879 (1955) October 21. 

Proves, by experiments, that usually 
irregular evaporation of electrolyte from 
the metal surface facilitates stirring of 
thin electrolyte layers. This fact results 
in decreasing diffusion layer thickness 
and in increasing oxygen supply to the 
metal surface. Tables, graphs. 14 refer- 
ences.—BTR. 11832 


3.8.4, 4.6.1, 6.3.20 

Mass Transfer of Foreign Elements 
from Zirconium During High-Tempera- 
ture Water oe Lm, carz. SS. A. 
RING, > R. BALKWELL AND R. D. NETH- 
AWAY. California Research and Develop- 
ment Co. U. S. Atomic Energy Commis- 
sion Pubn., LRL-76, January, 1954 
(Declassified Sept. 29, 1955), 19 pp. 

The mass transfer of niobium, zirco- 
nium, yttrium, strontium, rubidium, se- 
lenium, arsenic and germanium from 
zirconium metal foils was followed dur- 
ing water corrosion of the zirconium at 
264, 280 and 300 C, using radioactive 
tracers of these elements. Diffusion ap- 
pears to be the predominant transfer 
process with a decrease in diffusion rate 
as the corrosion film increases in thick- 
ness. Approximate diffusion coefficients 
were calculated. (auth)—NSA. 11732 


3.8.4, 6.3.14, 3.2.2, 5.8.3 
The Corrosion of Tin . Solutions . 
Sodium Alkyl Sulphates. K. Ross, 
Applied Chem., 5, 10-18 1055) January. 
Mechanism of pitting corrosion in solu- 
tions containing surface active agents. 
Graphs, micrographs. 22 references.— 


BTR. 9222 


3.8.4, 1.6 

Chemisorption. B. M. W. TRAPNELL. 
Book, 1955, 265 pp. Butterworths Scien- 
tific Publications, London. 

Under the heading of Chemisorption 
come most of the adsorption phenomena 
on metals that play an important part 
in the mechanism of processes in solu- 
tion and in the gas phase and, therefore, 
are necessary in the theory of bright 
plating, e.g., as well as of thermal diffu 
sion and vacuum deposition techniques. 
In the present book the author surveys 
the experimental methods and _ deals 
with velocities of adsorption and de- 
sorption, isothermic heat of adsorption, 
mechanism of adsorption, mobility of 
adsorbed layers and related catalytic 
reaction.—EL. 11021 


3.8.4, 3.6.4, 3.4.6 

The Effect of Gases on the Contact 
Potentials of Evaporated Metal Films. 
NorMAN HACKERMAN AND EMERSON H. 
Lee. J. Phys. Chem., 59, No. 9, 900-906 
(1955) September, 

The effect with time of oxygen, nitro- 
gen, water vapor and air on the contact 
potential differences between aged bulk 
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platinum and evaported metal films was 
studied by the vibrating condenser method. 
The metals used were aluminum, lead, 
nickel, chromium and iron, Both reversi- 
ble and irreversible effects were observed. 
An explanation is offered based on 
adsorption of the gases which provides 
either a dipole barrier or an ion barrier 
to the emission of electrons. (auth).— 
ALA. 11065 


3.8.4, 6.3.21, 2.3.6 

A Study of the Etching Rate of Sin- 
gle-Crystal Germanium. . AUL R. Camp. 
J, Electrochem. Soc., 102, No. 10, 586-593 
(1955). 

It was found that an aqueous solution 
of hydrogen peroxide and hydrofluoric 
acid is a reliable etchant for germanium 
and data are given for the etching rate 
as a function of temperature and com- 
position of the etchant and of orientation 
and purity of the crystal. An equation 
which assumes two reactions taking 
place in sequence on the surface fits the 
rate/temperature data within the limits 
of experimental error. From etching 
data, the thickness of the disturbed sur- 
face layer due to abrasive grinding was 
found to be in the range 2-10u4.—MA. 

11900 


4. CORROSIVE ENVIRONMENTS 
4.2 Atmospheric 


4.2.3, 4.3.3 

Effects of Sulphate-Chloride Mixtures 
in Fuel-Ash Corrosion of Steels and 
High-Nickel Alloys. H. T. Survey, J. 
Tron Steel Inst., 182, 144-153 (1956) Feb. 

Effect of composition and temperature 
on various heat-resisting materials was 
studied for a range of alkali and calcium 
sulfate-chloride mixtures. Micrographic 
characteristics of the attack were inves- 
tigated. Photograph, micrographs, tables. 
5 references.—BTR. 11676 


4.2.3, 8.4.2, 1.6 

Literature Review and Design ~~ 
of Gas Appliance Venting Systems. T. E 
HAMPEL AND R. L. Stone. Am. Gas ja 
Labs., Research Bull. No. 68, April, 1955, 
246 pp. 

Results of field surveys on chimney 
damage are included. Glazed sewer pipe, 
cast iron, asbestos and lead were rec- 
ommended as suitable lining materials 
in a paper issued in 1928. A survey of 
94,000 gas burner installations, published 
in 1937, stated that only 4.8% used lined 
chimneys, with vitreous enamel the most 
promising liner. Further field studies 
covering results obtained up to Janu- 
ary, 1951, indicate aluminum to be the 
most resistant of those liners for which 
damage percentages are tabulated (plas- 
tic-coated steel, vitreous enamel-coated 
steel, Transite, Payne liner, aluminum). 
Another 1951 study reported that stain- 
less steel was the most corrosion-resist- 
ant material of a group including : low-alloy 
high-yield strength steels, 5 chromium 
steel, cast iron, copper, brass, zinc, 2-S 
aluminum, aluminum painted steel, terne- 
coated steel and Alclad 24 ST. Tables, 
graphs, 108 references —INCO. 11897 


4.2.3, 8.4.2, 1.6 

Research in Pilot Burner Design, Con- 
struction and Performance. Bulletin II. 
The Effect of Pilot Burner Assembly 
Materials and Gas Composition on Pilot 
Burner Outage at Elevated Tempera- 
tures. J. C. GrirrirHs. Am. Gas Assoc. 


Labs., Research Bull. No. 
62 pp. 

Analyses of deposits found in pil-t 
burner assemblies revealed oxides, s1 
fides and carbon as the chief causes 
blockage. Aluminum minimized cracki 
of unsaturated hydrocarbons as well 
corrosion. Temperatures at which va 
ous gases formed deposits on sevei 
pilot assembly materials were observe | 
Substitution of yellow brass tubing { 
copper tubing was found to be desirab!». 
For metal temperatures lower than 10 | 
F, aluminum was the most satisfacto 
material studied. Nickel-free  staink 
steel is suggested for use at metal ter - 
peratures exceeding 1000 F. Diagran. ; 
graphs, tables —INCO. 117 


4.2.7 

Choice of Materials and Surface Pro- 
tections for Tropical Climate. (In Czec! 
K. Barton. Strojsirenstvi, 5, No. 6, 46.- 
466 (1955) June. 

‘Corrosion of metallic parts throu 
atmospheric factors, including tropic 
moisture, rain and light; comparison 
nickel- and chromium- plating and zinc, 
cadmium and organic coatings; evalu 
tion of parts made of stainless steel, 
zinc, copper, silver, aluminum and mag- 
nesium alloys. Table, 10 references.— 
BTR. 11882 


69, April, 1955, 


4.3 Chemicals, Inorganic 


4.3.1, 4.4.1, 4.7, 3.5.9 

Corrosion by Transfer Liquids. M. 
Bicron. Paper before Assoc. des Ingenie- 
urs en Anti-corrosion, Paris, October 14, 
1954. Corrosion et Anti-Corrosion, 3, 116- 
124 (1955) May-June. 

Gives data on corrosion by tanrsfer 
fluids with positive action, i.e. fluids for 
heating containers, etc., in which energy 
transformation reactions occur, e.g. sat- 
urated water vapor, superheated water, 
chlorinated hydrocarbons, polyglycols, 
mineral oils, organosilicates, aromatic 
hydrocarbons and oxides, mercury, lead, 
gallium and fused salts. Long-time tests 
showed that aryl orthosilicates do not 
corrode nickel, mild steel, copper or 
bronze. “HTS” penetrated 0.00254 mm 
per month into Monel and inappreciably 
into 1% niobium-18/8 steel, 2.4% molyb- 
denum-18/8 steel, Inconel, at 545 C; for 
545-600 C, mild steel must be replaced 
by high-chromium steels, 18/8, or low- 
chromium steels containing aluminum or 
silicon. Catastrophic corrosion seems to 
have led to abandonment of use of “NS” 
(aluminum chloride-sodium chloride mix- 
ture).—INCO. 11726 


4.3.2, 4.4.8, 8.8.1 

Keys to a New Chemical Kingdom. 
Chem. Eng., 63, No. 1, 199-202 (1956) 
Jan. 

To bring nitroparaffin production to 
commercial fruition, equipment had to 
be designed for vaporizing nitric acid 
under pressure, reacting nitric acid va- 
pors with hydrocarbons at high temper- 
ature, recovering nitric oxide from 
nitration gases, recovering, purifying and 
separating nitroparaffins produced and 
making their derivatives. Corrosion con- 
trol is of utmost importance. No stand- 
ard alloy gave exact combination of cor- 
rosion resistance and physical properties 
needed for much of equipment. Tend- 
ency of stainless steel to catalyze oxida 
tion reactions is combated by continuous 
deactivation treatment. Corrosiveness of 
nitroparaffins to steel and discoloration 
by impurities is eliminated by a chemical 
purification process. Among chemical 
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engineering achievements scored in con- 
nection with derivative plant is evolution 
of safe procedures for handling Raney 
nickel pyrophoric catalyst, including its 
reactivation and recycle. Flow sheets.— 


INCO. 11583 


4.3.5, 6.3.6, 3.8.4 

The Kinetics of the Reaction of Ele- 
n ag Fluorine with Copper Metal. 
I . Brown, J. M. CRABTREE AND J. F. 
Lt = CAN. J. Inorganic and Nuclear Chem., 
1, 202-212 (1955) June. 

Studied under high vacuum from room 
t mperature to 250 C and from 6 to 60 

m. Hg pressure. Tables, graphs, dia- 

am. 10 references.—BTR. 11922 


4.5 Soil 


4 5.3, 8.9.3 
An Anomaly in Pipe Line Corrosion 
J'iagnosis. L. P. Suprasin. Corrosion, 12, 
». 3, 99t (1956) March. 
Observations in pipe line survey; a 
0-foot long 4-inch hot water (170 F) 
lane, two years in sand backfilled area. 
ibles.—BTR. 11562 


45.1 

Theoretical Principles of Metal Cor- 
rosion in Soil. T. Markovic AND Z. Duct. 
afta (Yugoslavia), 6, 175-179 (1955) 
June. 

Corrosion of iron in soil was studied 
: a function of the ratio of water to 
soil atmosphere, to determine the effect 

water saturation. Oxygen transport 
was slower in unsaturated than in satu- 
rated soils and the reaction order of 
iron decomposition in the soil varied 
ith changes in the water-soil atmos- 
phere ratio. 11833 


4.5.3, 5.2.1 

Earth Potential or Surface Potential 
Gradient Tests on Buried Cables. Dan- 
1EL R. WERNER. Corrosion, 12, No. 8, 376t- 
384t (1956) Aug. 

Earth potential or surface potential 
gradient tests, their types, uses and 
limitations are discussed. Topics covered 
include range of potentials, selection of 
areas for tests, installation of remedial 
measures on buried telephone cables, 
determination of buried structure loca- 
tion and meter circuits for measuring 
potential gradients. Data are given also 
on hot spot areas, changes in insulation 
resistance of the covering on a buried 
cable and interference effects on other 
buried structures and railroads from ca- 
thodic protection installations. 11885 


4.5.3, 8.9.3 

The Sui Gas Pipeline: Details of Cor- 
rosion Survey. G. McHarpy Anp R. C. J. 
WINDEBANK. Petroleum, 18, No. 9, 341 
1955) Sept. 

Soil resistivity measurements at sev- 
eral depths at frequent intervals and 
analysis of representative soil samples. 


11834 


4.7 Molten Metals and 
Fused Compounds 


4.7, 3.8.4, 5.8.3 

The Significance of Wetting in Reac- 
tor Technology. J. W. Taytor. Atomic 
nergy Research Establishment, Harwell, 
serks, England. J. Nuclear Energy, 2, 15- 
0 (1955) Aug. 

The fundamental forces responsible 
1 the spreading of a liquid metal on a 
olid (or a liquid) surface are discussed 
nd a number of interfacial tension and 
preading studies are analyzed in terms 
ff the theoretical. considerations. In the 
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A regular metal primer—A.C.B., Trope- 
lite or any of the Tropoxy primers—should 
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light of these, methods of modifying the 
interfacial tension in any given applica- 
tion are suggested. The significance of 
interfacial effects in the following tech- 
nological processes is outlined: liquid 
metal corrosion and intergranular pene- 
tration; heat transfer; mass transfer and 
zone melting; liquid metal slurry prop- 
erties and stability; and extraction metal- 
lurgy. (auth)—NSA. 11843 


4.7, 6.3.11 

Transformation and Equilibrium 
States in Alkali-Hydroxide Melts. Part 
I. Effects of Alkali-Hydroxide-Melts on 
Gold, Silver, and Platinum. (In German.) 
HERMANN Lux AND Titus NIEDERMAIER. 
Z. anorg. u. allgem. Chem., 282, No. 1/6, 
196-209 (1955) Dec. 

Investigation of effect of melts at 410 
C, with a definite oxygen and hydrogen 
content in the gas-phase. Tables, dia- 
grams. 12 references.—BTR. 11878 


4.7 

The Behavior of Materials in Aggres- 
sive Liquid Metals. Davin H. Gurinsky. 
Paper from Nuclear Metallurgy, IMD 
Special Report Series No. 2, 1956, 5-20. 
American Institute of Mining and Met- 
allurgical Engineers, New York. 

Summarizes available information on 
the corrosive attack of mercury, molten 
lead and bismuth on common construc- 
tion materials. Graphs, diagrams, tables. 
18 references.—BTR. 11634 


4.7 

Corrosion of Materials in Fused Hy- 
droxides. G. P. SmitH. Paper from Nu- 
clear Metallurgy, IMD Special Report 
Series No. 2, 1956, 71-94. American In- 
stitute of Mining and Metallurgical En- 
gineers, New York. 

Some of the fused alkali metal hydrox- 
ides are of potential interest in reactor 
technology, both as coolants and as mod- 
erators. This review is concerned with 
kinds of corrosion phenomena which 
have been observed in ceramics and in 
metals. Micrographs, photographs. 50 
references.—BTR. 11674 


4.7,1.6 
Progress Report No. 31 for October 
and November 1955. W. J. Posey, ed. 
Mine Safety Appliances Co., Callery, 
Pennsylvania, December 12, 1955, 72 pp. 
Testing of the 3-Mw steam genera- 
tors was continued. Level indicators for 
liquid sodium, combined valve connect 
and disconnect and AC induction pumps 
for liquid metals are described. Micro- 
fissure propagation has been observed 
as a result of quenching heated weld 
specimens with liquid sodium. The feasi- 
bility of using impure nitrogen as a cover 
gas for sodium systems was demonstrated. 
Investigations were continued on the 
corrosion of zirconium by liquid sodium, 
the removal of mercury from sodium 
systems by amalgamation with copper 
and the radiation hazards arising from 
leaks in liquid metal systems.—NSA. 
11523 


4.7, 6.2.2, 3.2.3 

Corrosion of Iron by Oxygen-Con- 
taminated Sodium. G. W. Horstey. J. 
Iron Steel Inst., 182, Pt. 1, 43-48 (1956) 
Jan. 

To investigate the corrosion mecha- 
nism of iron in oxygen-contaminated 
sodium, corrosion product was isolated 
and compared with compounds prepared 
by heating mixtures of sodium oxide 
and iron powder in vacuo, Corrosion 
studies were carried out in all-welded, 
electropolished or bright-pickled stain- 
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less steel pots, using nickel crucible fo: 
low oxygen concentrations and deac 
mild steel crucible for higher concen 
trations. Observed effects on spectro 
graphically pure iron after immersion it 
sodium at 800 C for seven days are tab 
ulated. Results showed that oxygen con 
centrations over 0.3 were required tc 
produce appreciable scaling on the iron 
Further experiments were carried ou 
with sodium containing 5% oxygen it 
which samples suffered extensive corro 
sion. Brown scale formed was loosely 
adherent and was scraped off after wash 
ing specimens in ethyl alcohol to remove 
sodium. Largest component of corrosior 
product was (Na:O)sFeO. Tests made 
in distilled sodium show reduction ot 
(Na:O)sFeO and indicate that stability 
of this compound is governed by activ- 
ity of oxygen in the metal. Tables, photo- 
micrographs, x-ray powder photographs 
—INCO. 11635 


4.7, 6.2.3, 3.7.4 

The Corrosion of Carbon-Containing 
Iron by Iron-Saturated Molten Zinc. D. 
HorstMANN. Arch. Etsenhuttenw., 27, 
85-93 (1956) Feb. 

Time and temperature effects in cor- 
rosion of carbon-containing irons (up to 
2.08%) (really mild steels) by iron- 
saturated molten zinc, with particular 
reference to role played by structure of 
steel. Structures investigated included 
steels containing spheroidal pearlite— 
INCO. 11622 





5. PREVENTIVE MEASURES 





5.1 General 





i | 

The Prevention of the Corrosion of 
Ferrous Metals. J. C. Hupson. J. Inst. 
Elec. Engrs., 2, 84-88 (1956) Feb. 

Mechanism of corrosion; rust preven- 
tion by alterations in corrosive medium, 
design, or composition of metals; appli- 
cation of protective coatings; cathodic 
protection. Graph, micrographs, photo- 
graph. 8 references.—BTR. 11598 





5.2 Cathodic Protection 





5.2.1, 8.9.3 

System-Wide Cathodic Protection. 
M. G. Marke. Am. Gas Assoc. Distribu- 
tion, Motor Vehicles and Corrosion Conf., 
Cincinnati, April 12-15, 1955. Pipe Line 
News, 27, No. 9, 52, 54, 56, 58, 60 (1955) 
Sept.; Gas, 31, No. 10, 99-101, 104, 106 
(1955) Oct. 

Experience with Northern Illinois Gas 
Co.’s 8,600,000 ft, of cathodically pro- 
tected pipe is reported. Magnesium anodes 
were installed nearly throughout, recti- 
fiers being used rarely. Soil pre-testing 
was usually omitted. All pipes were mill 
coated with a minimum of 3/32-inch of 
plasticized coal tar reinforced with glass 
and all joints and fittings wrapped with 
coal tar tape. 11739 


5.2.2, 8.9.5 

The Performance of a Cathodic Pro- 
tection System on the USS Ingraham 
(DD 694) December 1953—January 1955. 
L. J. Watpron AND M. H. PETERSON. 
Naval Res. Lab., Rept. No. 4636, Sep- 
tember 30, 1955, 6 pp. Available from: 
Office of Technical Services, U.S. Dept. 
of Commerce, Washington 25, D.C. (Or- 
der P.B. 111,742). 

Magnesium-anode cathodic protection 
system installed on the USS Ingraham 
in December, 1952 and renewed in De- 


Februa 








= 








February, 1957 CORROSION ABSTRACTS 129 


Hows ITComING \ SNoT So Goop, BILL. LY 


iT THE MOST OUT OF eer 
[ 





Rs a 
A 4 


THATS HOT SPRAY, GENTLEMEN / DENSE, 
LINIFORM COVERAGE.....NO SAGS 

A CLEANER, FAST-DRYING 

FINISH... AND ¥ 

REQUIRES LESS 

SKILL THAN 

ORDINARY 
























NOTHING TO IT/ IMGETTING | LMJONTHS LATER..... 
EASILY TWICE THE BLIILD THIS JOB IS REALLY 
AND NO RUNS. SPRAYS STANDING UP THESE 
NEW COATINGS AKE 
THE ANSWER 
ALL RIGHT. 













PROTECTIVE COATINGS ARE APPLIED FASTER, MORE 
UNIFORMLY AND LAST LONGER WITH HOT SPRAY..... AND 
YOU SAVE MONEY, TOO. GET ALL THE FACTS IN FREE 
BOOKLET, “WHY HOT SPRAY?” WRITE FOR YOUR 
COPY TODAY. 


Sas) /FGO 


HOT SPRAY 
HEATERS 


DEPT. C31 720 POLK AVE. @ HOUSTON, TEXAS 






27a 





130 CORROSION—NATIONAL 


cember, 1953 has proved to be almost 
100% effective in eliminating corrosion 
of the underwater hull and 90% effec- 
tive in protecting rudders, shafts and 
struts. Magnesium anodes deteriorated 
less during second year of test but were 
60% exhausted after 14 months. Vinyl 
paint on hull was in fair condition and 
showed jittle additional deterioration 
during second year. Current require- 
ments were essentially constant during 
second vear of test. Graphs.—INCO. 
11815 


$2.3, 7:10 

Cathodic Protection and Its Result on 
the Sheet-Pilings of Nagoya Port, M. 
NAKAGAWA. Corrosion Engineering, 4, No. 
4, 171-175 (1955) Aug. 

Cathodic protection was applied to 
the sheet pilings of Nagoya Port in Sep- 
tember, 1954. A current of 800 amperes 
from four selenium rectifier units was 
supplied to an area of about 160,000 
sq. ft. (including both sides of sheet 
pilings). 

Protection was confirmed by means 
of potential measurement and weight 
loss determination of test pieces immersed 
at various depths in sea water.—JSPS. 

11865 


5.3 Metallic Coatings 


5.3.4 

Metallizing, by the Spray Method, in 
the Repair of Equipment. (In Russian) 
A. M. Epev’son. Vestnik mashinostroeniia, 
36, No. 1, 66-67 (1956) Jan. 

Advantages, economy and techniques 
of repairing wire-drawing band surfaces 
by metallizing, rather than by dechro- 
mizing and rechromizing. Diagram.— 


BTR 11644 


5.3.4 

Ferrocyanide Electrolyte for Silver 
Plating. (In Russian.) V. I. SEMERYUK. 
J. Applied Chem., USSR (Zhur. Priklad. 
Khim.), 28, No. 11, 1240-1242 (1955) Nov 

ome fine-grained, adherent de- 
posits of silver were obtained from a 
bath containing silver chloride, potas- 
sium ferricyanide and potassium car- 
bonate; the silver is thought to be pres- 


ent as KAg(CN):.—BNF. 11541 


5.3.4 

The Mechanism of Leveling during 
the Electrodeposition of Nickel in the 
Presence of Organic Compounds. H. 
LEIDHEISER, Jr. Virginia Inst. Sci. Res. 
Paper before German Bunsen-Society for 
Phys. Chem., Gen. Mtg., May 19-22, 1955. 
Z. Elektrochem., 59, No. 7/8, 756-765; 
disc., 766 (1955). 

Object of study was to understand 
mechanism of leveling and to correlate 
structure of organic compounds with their 
ability to cause leveling of surface. Experi- 
ments were conducted on: deposition on 
sharp tips, over isolated scratches and pro- 
jections and on wires of different diame- 
ters; the effect of variables on leveling 
rate; and relation of leveling to cathode 
potential. The plating solutions used were 
Watts bath, Perflow bath (semi-bright) 
and Modified XXX (fully bright), the lat- 
ter 2 sold by the Harshaw Chem, Co. The 
rate of scratch-filling increased with an 
increase in the polarization of the cathode. 
In commercial nickel plating, rate of level- 
ink g ine Tee ased with increase in pH. and 
temperature and with decrease in current 
density and in width of scratch at constant 
rate. Mechanism of leveling during contin- 
uous electrodeposition is explained in terms 
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of migration of nickel ions or nickel 
atoms over the surface. Photomicrographs, 
graphs, tables —INCO., 11445 


5.3.4 

Change in the Degree of Roughness 
of the Surface of Electrodeposited Cop- 
per Depending on the Different Condi- 
tions of Electrolysis. (In Russian.) N. P. 
Fepor’ev AND N. P. Gnusin. J. Applied 
Chem., USSR (Zhur. Priklad. Khim.), 28, 
No. 11, 1237-1240 (1955) November. 

Effect of temperature, current density, 
bath composition and superimposed alter- 
nating current, on the roughness of depos- 
its from acid cupric sulfate baths.—BNF. 


11378 


5.3.4 

Progress in Electroplating. A. Kurze- 
nicc. Werkstoffe und Korrosion, 6, 577- 
580 (1955) December. 

Review of progress in electroplating 
since 1945 includes bright and levelling de- 
posits, automatic plating installations, de- 
greasing, nickel, chromium and zinc plat- 
ing, passivation, nickel substitutes and 


anodic brightening —INCO. 11434 


5.3.4 

The Protection of Structural Steel. 
Parts I, II. Practical Experience of Pro- 
tection by Sprayed Metal Coatings. W. E 
3ALLARD AND F, A. Rivetr. Chemistry & 
Industry, No. 50, 1606-1615 (1955) Dec. 10. 

Techniques of applying zinc and alumi- 
num coatings for maximum possible pro- 
tection. Photographs, table—MR. 11306 


5:34, 1.3 

A Survey of the Literature on the 
Electrodeposition of Molybdenum. ads 
CAMPBELL AND A. Jones. U. S. Bureau of 
Mines Information Circular No. 7723, July, 
1955, 6 pp. 

Electrolytic extraction and electroplating 
of molybdenum from aqueous and non- 
aqueous solutions and fused salt systems. 
Based on 33 references up to 1954.—BNF. 

11396 


5.3.4, 6.3.19 

Heat Treatment Improves Plating on 
Zinc Die Castings. W. G. STEPHENSON, 
Jr. Products Finishing, 20, No. 4, 28-30, 
32, 34 (1956) January. 

Use of proper heat treatment to pre- 
vent troublesome blemishes, such as run 
pattern, cold shot, solder spots and blisters, 
on zine die castings, which cause difficulty 
in plating. Heat treating for 1 hour at 
410-425F breaks up dendritic structure of 
surface skin on zine cé asting and produces 
more evenly dispersed grain. Buffing after 
nickel plating dropped from 48% to 13%. 

INCO. 11375 


5.3.4 

Corrosion Effects in Electroplated 
Coatings. (In German.) E. Raur. Mitt. 
Forschungsgesellschaft Blechverarbettung, 
No. 1, 8-11 (1955) Jan. 1 

Illustrates and discusses a number of 
corrosion of electro-deposits 
arising from bad practice, including 
stains on work from = cyanide baths 
owing to bath residues (silver and brass 
deposits); black stains on tin coatings 
over nickel; staining of brass by pack- 
ing materials; white rust on zinc; plat- 
ings on zinc die-castings; chromium- or 
chromium-nickel on brass.—BNF. 11920 


5.3.4 

Growth Layers in the Reaction Be- 
tween Solid Iron and Molten Aluminium 
and Aluminium Alloys. (In German.) 
G, GURTLER AND K. Sacev. Z. Metallkunde, 
46, No. 10, 738-741 (1955) Oct. 

Effect of molten aluminum and alloys 


cases ot 


ASSOCIATION OF CORROSION ENGIN 


TEERS Vol. 13 


at different temperatures (730-920C) o1; 
solid iron (Armco and cast) dipped int« 
the molten metal for a few minutes o: 
seconds (Alfin process). Aluminum 
aluminum-silicon (up to 13.5% silicon 
and aluminum-zine (up to 20% zinc 
were used. Results are recorded indicat 
ing type of alloy layer formed, beta 
phase (AlsFe:) and/or delta-phas: 
(Al;Fe). It is shown that the presence. 
of delta except in very small amounts 
is always detrimental to the strength o: 
adhesion of the coating. For aluminum 
zinc alloys, low zinc-contents and low 
temperatures (about 730C) are recom 
mended to prevent formation of delta 


—BNF. 1177¢ 


5.3.4, 5.9.1 

Some Observations on the Problem of 
the Nature and the Treatment of Meta! 
Surfaces. H. Wrecanp. Metalloberflache 
Sec. A, 9, No. 4, 50-53 (1955). 

A discussion of some of the problems 
which arise in 1) hot-dip galvanizing 
due to carbon, FesC, silicon and oxide 
inclusions on the surface of iron and 
steel articles; 2) chemical and electro- 
chemical pickling and plating processes 
—due to hydrogen evolution, e.g. the 
formation of hair cracks and porosity in 
hard chromium deposits; 3) surface- 
diffusion processes—of carbon, chro- 
mium and nitrogen in iron and steel; 4) 
the formation of passive films by chem- 
ical and electrochemical processes, e.g. 
phosphatizing and anodizing; and 5) 
forming processes.—MA. 11899 


5.4 Non-Metallic Coatings 
and Paints 


5.4.2 

The Vitreous Enamel Finish. A. W. 
Murpocu. Paint, Oil and Color Jr., 127, 
No. 2956, 1470-1473 (1955) June 10. 

A paper containing a general account 
of the history, formulation and uses of 
vitreous enamels. Basically the enamels 
are borosilicates of sodium, potassium, 
calcium and aluminum and sometimes 
also zinc and barium.—ZDA. 11890 


5.4.5 

Epoxy Resin Finishes. P. A. Dunn. 
Electroplating & Metal Finishing, 8, No. 
3, 107-112 (1955) March. 

Chemistry of epoxy resins and use of 
coatings based on epoxy resins in com- 
bination with urea, melamine and phe- 
nolic resins are given. Air drying and 
stoving finishes based on epoxy resins 
treated by esterification with carboxylic 
acids, styrenation and reaction with 
amines or amine adducts and applica- 
tions of the various coating systems are 
discussed.—BL. 11774 


5.4.5 
Development of Protective Waxes. 
Schliemann’s Export-Ceresin-Fabrik, Deut. 
Farben-Z., 9, No. 8, 303-306 (1955). 
Wax coatings for temporary protec- 
tion of metal articles are reviewed. 
—RPI. 11768 


5.4.5 

Sodium Benzoate and Benzoic Acid 
in the Paint Industry. Pamphlet, 1955, 
9 pp. Monsanto Chemicals, Ltd., St. 
Louis, Missouri; Paint J., 4, No. 27, 233, 
239, 274 (1955). 

In many emulsion and water paints an 
addition of 0.5-2% sodium benzoate 
based on the wt. of paint is effective in 
combating can corrosion; it is also 
normally beneficial to add 0.1- 0.2% so- 
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other Wrought Iron case against corrosion. 
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Photomicrograph U-85-3 shows atypical = 


area of the microstructure observed in .* = ae - 
the subject 5-inch wrought iron pipe. ae 
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Metallurgical Report 2187—Underground Oil Line® 


This report deals with the metallurgical examination 
of a length of 5-inch wrought iron pipe, approxi- 
mately two feet (2’) long, submitted to our labora- 
tory for investigation and comment. 

General condition of the as-received sample is 
shown in large photograph above. Outer surface dis- 
played some few shallow corroded areas but was 
otherwise in good condition. Inner surface of the pipe 
sample was also in excellent condition. 


ROCKWELL HARDNESS 

A cross-sectional ring was prepared for hardness de- 
terminations. Hardness values, taken around the 
cross-sectional ring indicated a B67 hardness typical 
for wrought iron pipe and in lieu of tensile properties 
showed that the strength and ductility were likewise 
normal, 


CHEMICAL ANALYSIS 
Carbon—.025%; Manganese—.066%; Phosphorus— 


.230%; Sulphur—.020%; Silicon—.120%; Iron Sili- 
cate—2.82%. 


SUMMARY 

Results of the laboratory examination serve as 
positive identification of the subject sample as 
wrought iron. The excellent condition of this sample 
after more than fifty years of service is noteworthy. 
This report offers documentary evidence of wrought 
iron’s corrosion control in undergound service. A. M. 
Byers Company, Clark Building, Pittsburgh 22, Pa. 


*Name of actual installation given on request. 


Write for free cloth-bound book, “Wrought Iron: 
Its Manufacture, Characteristics and Applications.” 


BYE FeS 


WROUGHT 1RON 


i ’e 
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dium nitrite, particularly in paint of a 
slightly acidic nature. Polyvinyl acetate 
emulsion paints tend to become acid on 
storage and in this case both inhibitors 
need to be used. Corrosion of metal 
surfaces such as nail heads, after applica- 
tion, is also inhibited by the above ad- 
ditions, Benzoic acid (4%-9% on the 
wt. of phthalic anhydride) can be used 
with advantage in the manufacture of 
alkyd resins. This prevents the conden- 
sation reaction from proceeding too far 
and gives the dried film greater flexi- 
bility. Benzoic acid in small quantities 
(0.2-0.5% on the total paint) as an ad- 
ditive to the finished paint improves flow 
properties and coverage and helps to 
prevent darkening in baking enamels. 


—RPI. 11761 


5.4.5 

Amino Resins in Modern Industrial 
Finishes. H. T. CHELLINGSWorTH. Electro- 
plating & Metal Finishing, 8, No. 8, 287- 
292 (1955) August. 

Chemistry of amino resins and prog- 
ress made in development and utiliza- 
tion in surface coatings. Amino alkyd 
and amino epoxy resin coatings, appli- 
cations of epoxy resin coatings, cold 
setting urea-alkyd coatings, miscellaneous 
amino coatings and choice of amino 
resin are discussed. Bibliography.—BL 

11792 
$4.5, 7.7, 7.2 

Corrosion Control Practices for Pipe- 
Type Cables on the Detroit Edison Sys- 
tem. W. A. Sinciair. Corrosion, 12, No. 
8, 385t-388t (1956) August. 

A description is given of the procedure 
followed in protecting the pipe of buried 
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.for Efficient Cooling Water Operation 


USE IT WITH OUR COMPLIMENTS to help you keep your 


cooling water system operating with day-to-day efficiency. 


Developed by Wright Engineers, 
quickly answer these problems: 


@ Determine Make-up rate. 


e Evaporation rate. 


the new calculator will 


e Amount of inhibitor required — based on Make-up. 
e Amount of inhibitor required for single charge. 
e Amount of acid addition required. 


We know you'll find the new calculator a valuable aid in your 
work — and, of course, a Wright Engineer will gladly survey 
your water system and submit a comprehensive water condi- 
tioning program. Without obligation. 

The Wright Calculator will be sent free to water treating 
engineers and others responsible for protection of water systems. 
Please send your request on a company letterhead to: 


ee 


WRIGHT CHEMICAL CORPORATION 


GENERAL OFFICES AND LABORATORY 619 W. LAKE ST., CHICAGO 6, ILL. 


Offices in Principal Cities 


(Havana, Cuba; Domenech & Co., S. A., 405 Obrapia) 


e SOFTENERS, FILTERS AND OTHER EXTERNAL TREATING EQUIPMENT 
e NELSON CHEMICAL PROPORTIONING PUMPS 
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pipe-type cables. The first step in pro- 
tecting such pipes was to see that a 14-inch 
thick coating of Somastic was applied. 
After the pipes had been coated and in- 
stalled, a 500 volt megger was used to 
determine whether or not the required 
10 megohms per square foot of pipe 
surface resistance had been attained. 
When irregularities were detected in a 
section, an interrupted direct current 
was applied between the ground and pipe 
and a ground survey was made. 

A discussion is given of factors in- 
volved in the field application of 
Somastic to pipe welds. It was found 
that cracking could be minimized by 
keeping the temperature in the mechan- 
ical mixer between 300 and 350F. 

A corrosion problem was created when 
several hundred gallons of a cleaning 
fluid were lost in the ground adjacent 
to a manhole in the cable line area. It 
was decided this solvent could be kept 
out by treating the concrete walls of the 
manhole with a Thiokol latex solution. 
In addition a Thiokol base material was 
used as a coating for the Somastic- 
coated pipe in the saturated area. When 
the pipe was inspected six years later 
it was found there had been no disinte- 
gration of the covering. 11877 


5.4.5 

The Painting of Structural Steelwork: 
Third Interim Report. Paint Technology, 
20, 15-17 (1956) Jan. 

Litharge and lead linoleate have little 
effect on the life of red oxide and lin- 
seed oil primers. Photographs, table.— 
BTR. 11608 


5.4.5 

Paint Faults and Remedies. Part 
XVII. H. Courtney Bryson. Corrosion 
Prevention and Control, 3, 40-42 (1956) 
February. 

Causes and preventive measures for 
precipitation, rain-spotting, ropiness, sag- 
ging and other defects. Photographs. (To 
be continued.) —BTR. 11556 


5.4.5, 5.4.10, 2.2.5 

New Developments in Tests of Coat- 
ings and Wrappings. Graypon E. Bur- 
NETT AND PAuL W. Lewis. J. Am. Water 
Works Assoc., 48, 100-120 (1956) Feb. 

Laboratory “and field tests of protec- 
tive coatings and wrappings for steel 
water pipe conducted by the Bureau of 
Reclamation. Coatings tested were pro- 
prietary products and have been in serv- 
ice up to five years. Tables, photographs. 
4 references.—BTR. 11576 


5.4.5, 5.9.4 

Processes Occurring at the Interface 
Between Films and Metal Surfaces. B. 
Waser. Deut. Farben Z.,9, No. 8, 296-301 
(1955). 

Methods of determining the reactivity 
of metal surfaces were discussed, refer- 
ence being made to phosphate treatment, 
linseed oil/red lead paint and phosphoric 
acid/polyvinyl butyral/zinc chrome wash 
primers and the general theories of the 
action of wash primers.—RPI. 11896 


5.4.5, 8.5.3 

Selection and Application of Coatings 
in the Pulp and Paper Industry. Ray- 
MOND B. SEyMourR. Corrosion, 12, No. 8, 
406t-410t (1956) Aug. 

Practical information is given on the 
selection and use of protective coatings 
in the pulp and paper industry. The 
main points to be considered in the 
selection of any coating are relative re- 
sistance of the product to the environ- 
ment, ease of application, experience 
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under similar conditions of exposure, 
cost per year of the applied coating and 
choice of colors. Information of this 
kind is given for the following materials: 
Chlorinated rubber, vinyl, liquid Neo- 
prene, epoxy-amine, asphaltic mastic and 
il base paints. Also included is informa- 
tion concerning the resistance of these 
coatings to a number of acids, alkalies, 
icid salts, alkaline salts, neutral salts, 
gases and organic materials. 

The importance of good surface prep- 
iration is discussed. Recommendations 
ire made concerning the application of 
coatings. Properties of specific coating 
materials are given and typical specifica- 
tions listed. 11889 


5.4.6 

Necessary Number of Coats for an 
Effective Rust-Protective System. H. 
RaABATE. Trav. Peintures, 10, No. 12, 465- 
466 (1955). 

A review of the literature and practical 
experience, establishes that for normal 
exposure conditions a minimum film 
thickness of 125 mw is necessary on steel 
and that for severe exposure conditions 
the figure should be 150u%.—RPI. 11860 


5.5 Oil and Grease Coatings 


5.5.3 

Protective Oil Coatings. K. F. ScHter- 
MEIER AND R, W. Lewis. Lubrication Eng., 
12, 19-23 (1956) Jan./Feb. 

Types of protective films and factors 
influencing selection of proper type. 
Basic considerations in the formulation 
of rust preventives. Table, graph, 1 ref- 
erence.—BTR. 11652 


5.5.3, 5.8.2 

The Effect of Purification of Com- 
mercial Sulfonates on Their Corrosion- 
Stain Property. Harry C. Murrey, VAN 
Honc AND Davin Bootztn. Corrosion, 12, 
No. 8, 411t-414t (1956) August. 

Sulfonates are used to a great extent 
in the preparation of corrosion preven- 
tive lubricating oils. Investigations were 
conducted to determine whether the 
staining characteristics of commercial 
sulfonates could be eliminated by purifi- 
cation and to identify the material caus- 
ing the stain. 

An extraction procedure produced a 
sulfonate that caused less staining than 
the original commercial sulfonate. The 
materials causing the stain were water 
soluble sulfonates and inorganic salts. 

11892 


5.6 Packaging 


5.6.3 

Corrosion of Cutlery in Contact with 
Packing Material. E. A. OLpriep. British 
Paper and Board Makers’ Association, 
Proceedings of the Technical Section, 36, 
Pt. 3, 509-522; disc., 523-534 (1955) Dec. 

Cutlery stainless steel can be corroded 
by high chloride content paper and board. 
Additional protection can be supplied to 
metal goods by the use of desiccating 
containers, inhibitors or films of plastic 
and petroleum derivatives. Diagrams, 
photographs, 11 references —MA, 11854 


5.9 Surface Treatment 


5.9.2 

Cleanability and Oil Spreading Rates: 
Am. Electroplaters’ Soc. Research Proj- 
ect No. 12. H. B. Linrorp anp P. E. 


CORROSION ABSTRACTS 


Gruss. Plating, 42, No. 7, 895-902 (1955) 
July. 

Investigation for developing correla- 
tion between spreading rate of various 
oils, fats and greases on particular metal 
with cleanability or difficulty of cleaning 
that soil from another metal. Oils in- 
cluded micro crystalline wax, stearic 
acid and crude scale wax—BL. 11842 


5.9.2, 6.3.15 
Sodium Hydride Descaling of Tita- 
nium. Q. pE L. WHEATLEY. Metal Prog- 
ress, 68, No. 2, 114-116, 119 (1955) Aug. 
By adding titanium dioxide to the 
hydride bath, absorption of hydrogen 
is decreased. 11786 


CONTINUOUS 


LABORATORY CHECKS 
OF INGREDIENTS 
AND PROCESSES 
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STANDARDS 
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5.9.2, 6.3.15 

Hydrogen Contamination of Titanium 
Minimised by Modified Descaling Bath. 
H. L. ALEXANDER, H. FARRELL AND Q. D. 
WHEATLEY. Metal Progress, 69, No. 2, 
78-80 (1956) Feb. 

Saturation of sodium hydride baths 
with titanium dioxide minimizes hydro- 
gen pickup during descaling of titanium. 
The coarser grades of titanium dioxide 
should be used and added slowly to 
avoid excessive foaming and gas evolu- 


tion. —BNF. 11866 


5.9.2, 8.8.5 
Pickling Processes Reviewed. Part I. 
Choice of Reagent. Part II. Choice of 


Paints o 


INTERNATIONAL 
PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE & 
SUPPLY CO. 


Harlingen, Texas 
Phone: GArfield 3-5330 


SAN ANTONIO MACHINE & 
SUPPLY CO. 
Corpus Christi, Texas-Phone: 2-6591 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 


Houston, Texas 
Phone: WAlnut 6-1771 


TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas Phone: 5-8311 


MARINE & PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 


RIO FUEL & SUPPLY CO., INC. 
Morgan City, Louisiana 
Phone: 5033—-3811 


ROSS-WADICK SUPPLY COMPANY 
Harvey, Louisiana 
Phone: Flilmore 1-3433 


MOBILE SHIP CHANDLERY CO. 
Mobile, Alabama 
Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida -----Phone: 2-4278 


Send for a complimentary 
copy of our recently re- 
vised booklet “The Paint- 
ing of Ships.” It is an 
outline of the latest ap- 
proved practices in all 
marine maintenance. 


International Paint Company, Inc. 


Offices: 


New York 6, N. Y., 21 West St., Phone: WHitehall 3-1188 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., So. Linden Ave., Phone: Plaza 6-1440 


3la 
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Plant. D. J. 
8, No. 11, 61-71, 110; 52-68, 104 (1955) 
Nov., Dec. In Progress. 

I. Various reagents in use are consid- 
ered including tables on choice of pick- 
ling method for removal of particular 
contaminants or treatment of different 
surface conditions (e.g., removal of 
moulding sand, scale, graphite, metal 
dust, cleaning deep recesses, highly pol- 
ished or embossed surfaces, etc.) and 
choice of method for different metals 
(steels, copper and alloys, zinc, tin, lead, 
aluminum, magnesium, nickel, titanium 
and cast iron); salt bath descaling; rins- 
ing practice. II. Plant floors, fume ex- 
traction, pumps, heating; use of plastic 
material (with table showing resistances 
to various acids); acid resistant brick; 
acid recovery methods; waste disposal. 


—BNF. 11827 


5.9.3 
Using Blast Cleaning Techniques for 
Cleaning and Finishing. E. F. ANperRsoN. 
Plating, 43, No. 1, 82-86 (1956) Jan. 
Dry and wet blasting, 
and applications are covered.—BL. 


their advantages 


11924 


5.9.3, 1.6 


Handbook of Barrel Finishing. R. 
ENyepY. Book, 1955, 253 pp. Reinhold 
Publishing Corp., New York; Chapman 
& Hall, Ltd., London. 

After covering briefly types of barrels 
available and the finishing compounds 
and media used with them, details the 
operations to which they are applicable. 
Numerous data sheets giving examples 
of detailed procedure for finishing a very 
wide variety of shapes and sizes of com- 
ponents. Uses of modern multi-barrels 


Quoth Sir Lot of Zinc: 


FisHLock. Product Finishing, 


and triple action barrels are described. 


—BNF. 11776 


5.9.4 

Factors Affecting the Formation of 
Anodic Oxide Coatings in Sulphuric 
Acid Electrolytes. R. B. Mason. J. Elec- 
trochem. Soc., 102, No. 12, 671-675 (1955) 
Dec. 

The amount of sulfate in anodic coat- 
ings on pure aluminum increased with 
increasing current density and acid con- 
centration and with decreasing tempera- 
ture. The mechanism of pore formation 
and factors affecting the solubility of the 
coating were also studied—BNF. 11772 


5.9.4 

Anodic Oxide Films. Part IV. The 
Interpretation of Impedance Measure- 
ments on Oxide-Coated Electrodes on 
Columbium. Lawrence Younc. Trans. 
Faraday Soc., 51, No. 9, 1250-1260 (1955). 

Cf. ibid., 50, 153, 159, 164 (1954). 
Measurements of the impedance / of 
niobium electrodes are reported as a 
function of frequency f and thickness d of 
the oxide for films formed in sodium sul- 
fate and sulfuric acid solutions. J is rep- 
resented by a capacity C and a resistance R 
in series. Typically, R& d/f. C~’ is line- 
arly dependent on log f. These results can 
be explained if the resistivity p of the 
oxide varies exponentially with distance 
through the oxide. dC*/d log f tends to 
be independent of d. This can be explained 
if p at the inner and outer faces is inde- 
pendent of d. These assumptions appear 
consistent with the conductivity being 
due to non-stoichiometry, the degree of 
which at the interfaces is controlled by 
local equilibria. The behavior, except for 
very thin films, cannot be due to the 
dependence on f of the J of the electrical 


Nothing Less Than 
Ye Very Beste in 


PROTECTION 
is Good Enough! 


And “Ye Very Beste” in rust 
protection for iron and steel items 
from nuts and bolts to H-beams 
is hot-dip galvanizing by the 
Nowery J. Smith Co., the South's 
largest commercial galvanizing 


company. 
, 


COMPANY 
Commercial Galvanizing 


8000 Hempstead Hwy. UNderwood 9-1425 
P.O. Box 7398 Houston 8, Texas 
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double layer at the oxide/solution inter 
face. Preliminary investigations shoy 
similar behavior under certain condition 
for aluminum, zirconium and tantalum 
12 references.—MA. 1187: 


5.9.4 


Mechanical Properties and Wear Re 
sistance of Gas Cyanided Auto Parts 
A. M. Tarasov AND B. A. STETSENKO 
Avtomobil. 1 Traktor. Prom., No. 3, 21-24 
(1955). 


Comparative case depths, case an 
core hardnesses, transverse rupture 
strengths, fatigue strength and wear re- 
sistance of teeth of various types o: 
gears for gear-boxes and rear axles oj 
two different types of automobile. Stee 
compositions selected include 40KhS$ 
(0.38-0.43 carbon, 0.50-0.80 manganese 
0.17-0.37 silicon, 0.80-1.10 chromium, max 
0.04 phosphorus, max. 0.04 sulfur), steel 
with 0.15-0.25 carbon, 0.40-0.70 manga- 
nese, 0.17-0.37. silicon, 0.45-0.75  chro- 
mium, 1-1.50 nickel; and 38 KhMYuA 
(0.38 carbon, 0.3-0.6 manganese, 0.5 nickel, 
1.45 chromium, 0.5 molybdenum, 1 alu- 
minum). Results obtained with dry cya- 
niding are compared with liquid cyanid- 
ing. Metallographic examination was made 
of gears studied. Selection of furnaces 
for dry cyaniding, pit type vs horizontal 
type and experience gained in their op- 
eration are discussed.—INCO. 11845 


5.9.4 


Electrolytic Processes for Surface 
Conditioning of Metals. J. W. CuTHBERT- 
son. Proc. Inst. Elec. Engineers, 102, No. 
5, Part A, 501-599 (1955) October. 

Use of electrolysis for surface clean- 
ing and descaling of metals (cathodic 
cleaning, anodic pickling in acid elec- 
trolytes, etc.); improving corrosion and 
abrasion resistance of aluminum and 
aluminum alloys (theory and practice of 
anodizing, application in photography, 
modified procedure for abrasion- and 
wear-resistant surfaces); electrolytic pol- 
ishing (methods for steel, nickel, copper 
and aluminum), comparison of electro- 
lytic and mechanical polishing, econom- 
ics. 29 references.—BNF., 11778 


5.9.4, 6.2.5 


Effect of Deformation on Chemical 
Brightening of Austenitic Chromium- 
Nickel Steels. (In German.) A. voN 
KRUSENSTJERN AND H. SCHLEGEL. Metal- 
loberflache, Sec. B, 9, No. 10, 148B-152B 
(1955) Oct. 

Effect of working and roughening 
(polishing paper) on brightening in a 
bath of phosphoric acid/hydrochloric 
acid/nitric acid/water. Photomicrography 
and measurement of lustre with a small 
simple apparatus. Deep drawing, anneal- 
ing and pickling all cause macro-rough- 
ening beyond the limit at which they 
can be obviated by chemical polishing. 


—BNF. 11871 


5.9.4, 6.3.19 


A Surface Structure Observed on 
Electrolytically Polished Zinc. o F. 
Hutme. Acta Metallurgica, 3, No. 6, 572- 
578 (1955) Nov. 

A structure produced on zinc by elec- 
trolytic polishing in 20% aqueous CrOs 
solution (similar to structures produced 
by others on aluminum and copper) is 
thought to be associated with the elec- 
tropolishing process rather than the 
internal structure or “mosaic” of the 
metal. An explanation is given which 
has relevance to the theory of electro- 
polishing.—BNF. 11738 





Ame 
natu 
Mich 
of ci 
ent ft 
secti 
plice 
70-B 
subj 
mast 
the | 
a B 
neec 
cond 
will 
enar 
lasti 


ter 
10\ 
on 
um 
87! 


1ade 
ices 
ntal 
op- 


845 


ing 
cia 
ric 
phy 
nall 
eal- 
gh- 
hey 
ing. 
871 


February, 1957 


American Louisiana Pipeline, carrying 
natural gas 1000 miles from Louisiana to 
Michigan, was given the proven protection 
of coal-tar enamel coatings. Three differ- 
ent types of enamels were used on various 
sections: Bitumastic® No. 2 Enamel for ap- 
plication in mild climates, Bitumastic No. 
70-B Enamel for application to portions 
subjected to colder weather, and Bitu- 
mastic Hi-Melt Enamel for hot sections of 
the line after compressor stations. There’s 
a Bitumastic Enamel for every pipeline 
need, from hot-line coating to sub-zero 
conditions. Your Koppers representative 
will be glad to explain why coal-tar 
enamel is your best investment for long- 
lasting protection of pipelines. 


19 Years of Protection were given this 
giant gantry crane at a salt-producing 
plant by a coating system of Bitumastic 
Super Service Black. Exposed to the corro- 
sive combination of salt plus atmospheric 
moisture, the coating system has required 
only minor touch-up in all these years of 
service. Bitumastic Super Service Black is 
one of seven Bitumastic coatings; the com- 
plete line offers wide flexibility in the 
selection of corrosion-preventive materials 
to best meet the individual requirements of 
your application. 
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Corrosion Control in sewage and waste 
treatment plants is the subject of a new 
bulletin now available from Koppers. It 
contains complete engineering specifica- 
tions for protective coating systems. Please 
request your copy on company letterhead 
from Koppers Company, Inc., Tar Products 
Division, 1455 Koppers Building, Dept. 
100B, Pittsburgh 19, Pa. 
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An ideal coating possesses the ability to 
adhere tenaciously to a metal surface di- 
rectly. Coal-tar enamels will provide such 
a bond when the surface is preheated. 
However, enamels applied directly to metal 
surfaces at normal temperatures chill too 

quickly and a poor bond results. 

* * ae 
To overcome this problem, enamel 
primers of modified coal-tar pitch in suit- 
able solvents were developed. When hot 
F. R. Charlton enamel is applied over a thoroughly dry, 
Development Group Supervisor solvent-free pitch film, the primer melts 
slightly and produces a welded system—primer to pipe and enamel 
to primer. 

The drying time of enamel primers is directly related to the volatility 
of the solvent and the environment. If hot enamel is applied to the 
primer before it is completely dry, the traces of solvent will destroy the 
bond to the enamel. Conventional practice is to prime one day and 
enamel the next, although this waiting period may be extended to several 
days or longer by pocr drying conditions. 

*K Ed * 


The Coatings Group at our Verona Development Laboratory recently 
studied this problem from a fresh point of view. They searched for a 
new base material, other than coal-tar pitch, which (1) would be com- 
patible with the enamels, (2) would permit employing more volatile 
solvents, and (3) would provide a superior bond. After thorough study, 
a number of new formulations were tested. One met the requirements; 
it is called Bitumastic® Jet-Set. 

Bitumastic Jet-Set is an entirely new kind of primer. It is formulated 
from special, plasticized resins which permit the use of low-boiling sol- 
vents and are compatible with coal-tar enamel. Bitumastic Jet-Set ex- 
hibits remarkably low temperature susceptibility and excellent resistance 
to chemical environments and moisture. 

The drying rate of Bitumastic Jet-Set is truly amazing. It dries to 
touch in from 1 to 15 minutes and is ready for enameling in a maximum 
of 8 hours; conventional primers under similar conditions require sev- 
eral days to dry adequately. 

* * * 


Bitumastic Jet-Set opens up entirely new opportunities for the applica- 
tion of coal-tar enamel. Field experience has proved that the fast-drying 
characteristic of this new primer saves time and actually permits work 
to continue where heretofore, conventional primers have necessitated 
shutdown. Another application, where piling was driven after being 
enameled, demonstrated the excellent bonding ability of Bitumastic 
Jet-Set. 

Complete data on this new primer is available. Ask your local Koppers 
representative, or write Koppers Company, Inc., 1450 Koppers Build- 
ing, Department 100B, Pittsburgh 19, Pa. District Offices: Boston, 
Chicago, Los Angeles, New York, Pittsburgh, and Woodward, Ala. In 
Canada: Koppers Products, Ltd., Toronto, Ont., and Edmonton, Alta. 


a BITUMASTIC 


REG. U.S, PAT. OFF. 
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6. MATERIALS OF 
CONSTRUCTION 





6.2 Ferrous Metals and Alloys 





6.2.1, 3.2.3 

The Dry Oxidation of Iron and Steel. 
(In French.) Lucta pE BrRouCKERE AND 
MADELEINE Matuys-Sotvet. Ind. chim. 
belge, 20, No. 1, 35-53 (1955) January. 

Studies of iron and of mild steel ex- 
posed to pure air between 200 and 900C. 
Micrographs, graphs, tables. 10 references. 
—BTR. 11430 


62.1,5.1,1.6 

Rust Damage and Protection Against 
Rust. (In German.) Bruno WaAESER. 
300k, 1956, 247 pp. Wilhelm Pansegrau 
Verlag, Uhlandstrasse 102, Berlin-Wil- 
mersdorf, Germany. 

Theoretical and practical considera- 
tions involved in the protection of iron 
against rust are discussed. Sections 
cover theory, German patent literature, 
protection by organic and _ inorganic 
coatings, cathodic protection, character- 
istics of different kinds of iron alloys 
and testing methods. There are exten- 
sive references after each section and 
alphabetical subjects and author indexes. 

11667 


6.2.2 

A Contribution to the Study of the 
Effects of Gas on the Structure of Cast 
Iron. G. BLanc AnD N. VOoLtanik. Fon- 
derie, No. 118, 4755-4770 (1955). 

Cast iron containing 2.9-3.7. carbon, 
1.7-2.5 silicon, 0.3-0.6 manganese, 0.06- 
0.12 sulfur, 0.07-0.23 phosphorus, balance 
iron was melted under reducing condi- 
tions; exposed to air, hydrogen, oxygen 
and to nitrogen; treated with iron-silicon, 
calcium-silicon, iron oxide (mill scale), 
or iron-silicon-magnesium; and cast into 
14-inch and 7%-inch diameter test ingots 
for study of chemical composition, ten- 
sile properties, macrostructures and mi- 
crostructures. Prolonged exposure of 
the uncovered molten bath to air and 
treatment with mill scale did not affect 
castability or chemical composition ap- 
preciably; iron-silicon and calcium-silicon 
reduced oxygen content of the iron and 
iron-silicon-magnesium produced sphe- 
roidal graphite iron and decreased oxy- 
gen and nitrogen contents. Further study 
of the form in which oxygen, nitrogen 
and hydrogen occur in the iron is indi- 
cated. Bibliography.—INCO. 11701 


6.2.2, 1.6 

Wrought Iron. JAMes Aston AND Ep- 
warp B. Story. Book, Third Edition, 1956, 
102 pp. A. M. Byers Co., Pittsburgh, Pa. 

\ comprehensive exposition of wrought 
iron materials. Chemical and structural 
characteristics are followed by a brief 
history of wrought iron production prior 
to 1850. Modern developments in pro- 
duction are discussed as are quality 
standards, specifications for durability 
testing, methods of working, fastening 
and welding and principal applications. 

In the chapter devoted to characteris- 
tics the resistance to corrosion of wrought 
iron is laid to the character of the layer 
of corrosion products formed on the sur- 
face, the effect of the slag fibers and its 
ability to form a firm bond with metallic 
and organic coatings. 11571 


6.2.2, 5.3.4 
Physico-Chemical Conditions of Dif- 
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fusion Film Formation on the Surface 
of Iron and Its Alloys. (In Russian.) 
N. S. Gorsunov. Bull. Acad. Sci. USSR 
(Izvest. Akad. Nauk), No. 5, 793-799 
(1955) Sept.-Oct. 


The process of diffusion film formation 
on iron and its alloys was studied with 
the groups and subgroups of Mendeleev’s 
periodic system. The similarity of crystal 
lattices of the film element and iron, the 
comparatively smaller atomic diameter of 
diffusing elements and the sufficient solu- 
bility of it in iron at room temperatures 
are the conditions causing the formation 
of diffusion films on iron and its alloys— 


NSA. 11478 


6.2.3 

The Protection of Structural Steel. 
Principles of Protective Painting. G. 
DecHAaux Chemistry & Industry, No. 48, 
1535-1541 (1955) November 26. 

Corrosion of metal structures exposed to 
the weather and sea water; comparison of 
polished unpainted steel, rough unpainted 
steel and painted steel, formulation and 
appraisal of the efficiency of anticorrosive 
paints. Diagram, graphs, micrographs. 12 
references.—BTR. 11456 


6.2.3, 6.2.4, 6.2.5, 1.6 

Steels for the User, R. T. Rotre. Book 
(3rd. Ed.), 1955, 399 pp. Chapman and 
Hall Ltd., London. 


In this new edition (the second was 
issued in 1942) there have been extensive 
deletions and additions. In the main, the 
book deals with carbon steels, but alloy 
steels are discussed for special duties, 
e.g., high-temperature service. Chapters 
include composition and mechanical prop- 
erties, bright and free-cutting steels, heat 
treatment, case hardening, use at high 
temperatures, fatigue testing, weld test- 
selection.— 


ing, general principles of 

BNE. 11915 
6.2.3 

The Protection of Structural Steel. 


J. Brcos. Chemistry and Industry, No. 47, 
1503-1510 (1955) Nov. 19. 

Provided a building structure is kept 
watertight, it is unnecessary to paint the 
steel to protect it from corrosion. Paint 
systems are recommended for steelwork 
on the inside of a building and for 
weather-exposed steel. Alkyd and zinc 
dust primers are recommended in some 
of the former cases, while vinyl paint 
systems show promise on steel immersed 


in water.—ZDA. 11714 


6.2.3, 8.8.1, 1.2.2 

The Protection of Structural Steel. 
The Protection of Steelwork in Chemi- 
cal Factories. F. R. Htmswortn. Chemis- 
try & Industry, No. 50, 1618-1622 (1955) 
December 10. 

Consider painting, sprayed metal coat- 
ings and other forms of protection and 
economic considerations involved. Table. 


MR. 11546 


6.2.4, 6.2.2, 6.2.3 

Corrosion Resistance of Low Alloy 
Steels. J. A. Pope ann A. K. MoHAMED. 
J. Tron Steel Inst., 180, 271-284 (1955) 
July. 

Low-alloy additions are a_ valuable 
means of reducing the rusting of steel 
exposed to the atmosphere outdoors. 
Under these circumstances the most re- 
sistant low-alloy steels rust during the 
first year or two of exposure at only 
one-third the rate of unalloyed mild 
steel. With longer exposure, they appear 
to still greater advantage. The most use- 
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ful alloying elements for this purpose 
are chromium, copper and nickel. Alu- 
minum and beryllium may also be cf 
value, Otherwise, none of the wide va- 
riety of alloying elements tested was 
found to have had a marked effect on 
the resistance of steel to atmospheric 
corrosion. When immersed in sea-water 
low-alloy steels show to less advantag<, 
but, under the more or less stagnant 
conditions described in the paper, the 
addition of about 3 percent of chromium 
to mild steel roughly halved its wastage 
by corrosion over five years. The corro- 
sion rates of plain carbon steels, over 
periods of several years in air or in sea 
water, are not markedly influenced b 

differences in their carbon contents. Th 

results indicate that high-carbon steels 
are less corrodible in the atmosphere 
than low-carbon steels but more so in 
the sea. The differences are not great, 
however, and are about 20 percent in 
both cases. Heat-treatment is not a 
major factor in determining the severity 
of corrosion of low-alloy steels over long 
periods of exposure to air and sea water, 
but it may have a pronounced influenc« 
in laboratory tests extending over a few 
weeks only. There is little difference in 
the general corrosion of cast irons and 
plain carbon steels when immersed it 
sea water, although the former may be 
seriously weakened by local attack and 
graphitization. No general conclusion 
about the respective merits of the two 
types of material when exposed to the 
atmosphere can be drawn from this in- 
vestigation. Laboratory tests of the in- 
termittent spray type yield only fair 
correlation with the results of outdoor 
exposure. This is probably because the 
rusting of the steels in the laboratory 
test does not proceed sufficiently far for 
the differences in the properties of the 
rusts on the various steels to become 
fully operative. The investigation has 
demonstrated conclusively that marked 
improvements in the corrosion resist- 
ance of structural steels can be brought 
about by small additions of suitable al- 
loying elements. This is particularly true 
for atmospheric exposure.—TIME. 


11550 

















































6.2.5 

Corrosion Resistance and Mechanical 
Properties of Chromium-Nickel-Manga- 
nese Stainless Steels. R. A. LuLa AND 
W. G. RensHaAw. Metal Progress, 69, No. 
2, 73-77 (1956) Feb, 

Discusses properties of AISI Types 
201, 202, 204 and 204L and an experi- 
mental grade designated 20-6-8, which 
make them suitable for many structural 
applications in corrosive environments. 
Austenitizing influence of nickel and 
manganese is not adequate and must 
be supplemented by nitrogen additions. 
Tensile properties of Types 201 and 202 
are compared with those of 301 and 302. 
Magnetic permeability of cold worked 
stainless steels is shown graphically. 
Graphs show the effects of chromium, 
nickel, manganese and carbon contents 
on corrosion rate in 65% nitric acid. 
With short-time sensitizing, the chro- 
mium-nickel-manganese steels are less 
susceptible to intergranular corrosion 
than Type 304 of equal carbon content. 
Types 201 and 202 may replace 301 and 
302 in many corrosive environments. 
Under severe conditions, experimental 
steel 20-6-8 appears satisfactory. Graphs. 
—INCO. 11607 





































6.2.5, 1.6 
The Metallurgy of the Chromium- 
Nickel Austenitic Steels. F. H. Kreatine. 
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LARGE equipment now easily protected 
by dipping in plastisol 


Steel drum can handle 
highly corrosive substances 


Today’s drum lining materials turn 
ordinary steel containers into con- 
tainers suitable for chemically active 
products. With just four basic types 
of Unichrome linings, corrosion en- 
gineers can help solve problems of 
packaging such things as alkalies, 
oils, salts and their solutions, wetting 
agents, acid products, and many 
other corrosives. 

It becomes a matter of matching 
the service requirements to the 
chemical and physical properties of- 
fered by Unichrome vinyl, phenolic, 
plastisol, and epoxy drum linings. 
Bulletin DL-2 gives useful data... 
or Metal & Thermit will gladly give 
its recommendations. 


Neoprene delivers 
full-bodied film thickness 
in maintenance coatings 


One Ucilon® Coating System based 
on an air-dry neoprene coating pro- 
duces a film thickness of 3 mils per 
coat. Another, requiring force drying, 
provides a film of 5 mils or more per 
coat. 

Such thicknesses, added to the well 
known resistance of neoprene to 
corrosives and oils, assure durable 
protection under severe service con- 
ditions. Send for data sheets. 


UNICHROME is a trademark of Metal & Thermit Corp. 


METAL & THERMIT 


CORPORATION 


General Offices: Rahway, New Jersey 
Pittsburgh © Atlanta ¢ Detroit 
East Chicago * Los Angeles 
In Canada: Metal & Thermit—United Chromium 
of Canada, Limited, Rexdale, Ont. 


A huge 4,000 gallon dip tank for applying Unichrome Plastisol Coatings is in the plant of 
The Barber-Webb Co., Los Angeles. It has three widths, to accommodate various shapes. 


pe coatings grow more 
popular with each passing 
month. The more familiar that 
users become with the unusual 
corrosion protection and durabil- 
ity of these flexible, heavy duty 
vinyl coatings, the more new ap- 
plications are developed. 

Plants are therefore enlarging 
facilities to handle bigger and big- 
ger equipment and products by 
dipping .. . the quickest and easi- 
est method. Unichrome Series 4000 
Plastisol Compounds are widely 
used to fill these tanks. 


CORROSION BLOCKED 


Unichrome Plastisols protect 
against acids, alkalies, alcohols, 
salt solutions, moisture, and a 
broad range of other chemically 
active compounds. When coated 
with a Unichrome Plastisol, ordi- 
nary metal parts and products are 


equipped to survive unusually se- 
vere service conditions. 


UNIQUE PHYSICAL FEATURES 


Unichrome Series 4000 Plastisol 
Compounds cure to flexible coat- 
ings which show great resistance 
to wear. They don’t chip. They ab- 
sorb impact, deaden sound, insu- 
late electrically, and also look 
attractive. Depending upon the 
mass of the object being coated, 
they build a film thickness rang- 
ing from 3 mils to %4,”. Heavier 
masses hold more heat and there- 
fore get thicker coatings in dip- 
ping. 

Unichrome Plastisols can be ap- 
plied by all the other usual meth- 
ods, too, including spraying. 
They’re limited only by the facili- 
ties available to heat and hold the 
coated object at 350° to 365°F for 
curing. Send for Bulletin. VP-1. 
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Book, 1956, 138 pp. Butterworths Scien- 
tific Publications, London. 

Metallurgy and development, manu- 
facturing and fabricating processes and 
casting of chromium-nickel austenitic 
steels are described. Discussion of me- 
chanical, physical and corrosion proper- 
ties of austenitic steels is presented. A 
chemical analysis of chromium-nickel 
austenitic steels is given—INCO. 11606 


6.2.5, 3.2.2 

Selective Corrosion of Delta Ferrite 
in Cast Stainless Steel: Topic of the 
Month. J. M. BraLosky. Corrosion, 12, 
No. 2, 59t (1956) February. 

Corrosion of Type 304 shaft and vane 
and CF8 hub and body castings of a 
Simplex Dispersator operated in mix- 
ture of organic liquid and water during 
neutralization of an acid catalyst with 
caustic soda. Type 304 exhibited corro- 
sion rates of 0.001 and 0.002 ipy with no 
pitting or localized attack. Metallographic 
specimens of body casting show delta 
ferrite structure which was preferen- 
tially attacked and resulted in deep pits. 
Nickel content on high side of allowable 
range for casting is recommended to 
minimize amount of delta ferrite. Photo- 
micrograph.—INCO. 11564 


6.2.5, 3.5.8, 4.6.1 

Stress Corrosion of Austenitic Stain- 
less Steels in High Temperature Wa- 
ters. W. L. WILLIAMS AND J. F. EcKEL. 
Selected information from chapter on 
stress corrosion in “Wear and Corrosion 
Handbook for Water Cooled Reactors” 
being prepared on Navy Contract by 
Westinghouse Elec. Corp., Atomic Power 
Div. J. Am. Soc. Naval Engrs., 68, No. 1, 
93-104 (1956) Feb. 

Results of extensive laboratory test 
program on stress corrosion of austenitic 
stainless steels in high temperature wa- 
ter and steam including brief descrip- 
tion of procedure, conclusions reached 
and illustrative data only as needed for 
clarity. Following literature review, re- 
sults of tests of small laboratory speci- 
mens and of small boilers made of 
welded Type 304 are discussed. Numer- 
ous tests were conducted in alkaline- 
phosphate treated waters. Cracks were 
predominantly transgranular. Use of an- 
nealed steels, stress relief treatments, 
stabilized grades, low operational stresses, 
low chloride levels, low oxygen levels 
and proper corrosion inhibitors are all 
important steps toward elimination of 
stress corrosion hazards. Photomicro- 
graphs of stress corrosion cracks are 
included, Graphs, table, 28 references.— 


INCO. 11659 





6.3 Non-Ferrous Metals 
and Alloys—Heavy 


6.3.2, 3.8.2 

Electrochemical Behavior of Cadmium 
in Acid Solutions of Electrolytes. Influ- 
ence of Haloid Potassium Salt Additions. 
(In Russian.) Ia. M. KototyrKIN AND 
L. A. Mepvepeva. J. Phys. Chem., USSR 
(Zhur. Fiz. Khim.), 29, No. 8, 1477-1485 
(1955) August. 

Relation of cadmium solubility to con- 
centration of potassium iodide in sulfuric 
acid solution. Cathode and anode polariza- 
tion curves. Graphs, tables. 18 references. 


BTR. 11448 


6.3.3, 3.5.8, 3.8.4 
The Fracture of Brittle Chromium by 
Acid Etching. W. H. Smiru. J. Electro 
chem. Soc., 103, No. 1, 51-53 (1956) Jan. 
Mechanism explains formation of trans- 
crystalline cleavage cracks during etching 
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of brittle annealed chromium. Formation 
of a face-centered-cubic chromium hy- 
dride on the surface initiates cracks in 
brittle metal beneath due to its larger vol- 
ume. Cracks propagate by a stress corro- 
sion mechanism. Room temperature ductile 
chromium takes up this volume expansion 
without cracks being initiated. Photomac- 
rographs.—I NCO. 11371 


6.3.6, 3.5.8 

Electrochemical Behavior of Copper- 
Gold Alloy and the Mechanism of Stress 
Corrosion. (In German.) HeErtNz Ger- 
ISCHER AND Hans Rickert. Z. Metall- 
kunde, 46, No. 9, 681-689 (1955) Sept. 

Current density curve of the alloy; 
influence of mechanical load; stress corro- 
sion under anodic current; localization of 
corrosion, Graphs, diagrams, table. 13 ref- 


erences.—BTR. 11414 


6.3.6, 3.7.4, 3.2.2 

Effect of Grain Boundaries Upon Pore 
Formation and Dimensional Changes 
During Diffusion. R. W. BALLUFFI AND 
L. L. Seicte. Acta Metallurgica, 3, No. 2, 
170-177 (1955) March. 

The effects of grain boundaries and 
specimen thickness upon pore formation 
and dimensional changes which occur when 
zinc is diffused out of polycrystalline alpha 
brass sheets have been studied. The results 
are consistent with the hypothesis that the 
outward flux of zinc produces a supersatu- 
ration of vacancies which may either pre- 
cipitate as pores or else be absorbed at 
sinks within the alloy, causing various 
dimensional changes.—ZDA. 11295 


6.3.6, 4.6.6 

Corrosion of Brass by Chloramine. 
T. E. Larson, R. M. KiNG Aanp L. HEN- 
LEY. J. Am. Water Works Assoc., 48, 84- 
90 (1956) January. 

Faucet seats of Monel metal or elec- 
trolytically silver-plated brass gave good 
service, resisting corrosion by chloramine 
in the water supply. Tables. 5 references. 
—BTR. 11304 


6.3.6 

Surface Finish of Brass Strip, (In 
German.) F. Deutz. Z. Metallkunde, 46, 
No. 4, 254-263 (1955) April. 

Methods of attaining clean surfaces 
on brass strip. Removal of surface skin 
after casting and rolling, continuous an- 


nealing, degreasing, pickling, washing, 
annealing in protective atmosphere.— 
BNF. 10540 
6.3.6 


Contribution to the Chemical Study 
of the Corrosion of Copper in Sodium 
Chloride Solution. (In French.) W. 
FEITKNECHT AND W. Scuutz. Rev. met., 
52, No. 4, 326-334 (1955) April. 

Specimens prepared by electropolish- 
ing and light attack by nitric acid. Rate 
of corrosion in sodium chloride solution 
by loss of weight after dissolution of 
solid corrosion products; pH control by 
glass electrode; structure of corrosion 
products by electron and X-ray diffrac- 
tion; morphology by electron microscopy. 


—BNF. 10514 


6.3.6, 2.2.2 

Effect of Natural Atmospheres on 
Copper Alloys: 20-Year Test. A. W. 
Tracy. American Society for Testing Ma- 
terials, Preprint No. 91b, 1955, 10 pp. 

Corrosion resistance of 11 copper al- 
loys exposed to industrial, marine, and 
rural atmospheres over a period of 20 
years. Evaluation is based on weight- 
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loss measurements and changes in me- 

chanical properties of sheet specimens 

Tables, graphs. 7 references—BTR. 
10356 


6.3.6, 3.5.8 

The Stress Corrosion of Brass and 
Its Prevention by Silicon. (In German.) 
H. StTemnte. Metall, 9, No. 11/12, 492-495 
(1955) June. 

Effect of silicon content and degree 
of cold working on susceptibility tc 
stress corrosion and hardness of brasses 
Photographs, graphs, micrographs, tables. 
—BTR. 10352 


6.3.6, 3.5.8, 3.7.4 

Investigations into the Stress-Corro- 
sion of Alpha Brass in Ammonia Va- 
pour. Part I: Statistical Investigations 
on the Effect of Structure on the Dura- 
bility of Annular Test Specimens. F 
Agst. Z. Metallkunde, 46, 547-551 (1955) 
Aug. 

Statistical evaluation of stress-corro- 
sion tests made on @-brass exposed to 
ammonia vapor showed that speci- 
mens which had not been heat-treated 
after forming and hence retained their 
original structure, had higher life than 
those heat-treated for four hours at 300 
degrees. The shorter life of the heat- 
treated specimens is explained by the 
dislocations produced by  polygoniza- 
tions offering additional points of attack 
for intercrystalline crack formation.— 
INCO. 10460 


6.3.6, 3.7.3 

Aluminum Bronze Alloys. N. C. AsH- 
TON AND C, V. Witson. Metal Ind., 87, 
Nos, 8, 9, 145-146, 149; 165-168 (1955) 
August 19, August 26. 


Discusses progress made in the de- 
velopment of aluminum bronzes for 
deep drawing dies, particularly for diffi- 
cult materials and for turbine and other 
applications. The effect of alloy additions 
of iron and nickel on the phase trans- 
formation of copper-aluminum system 
are considered. Nickel tends to strengthen 
both the alpha and beta solid solutions 
and to improve ductility in the heat- 
treated condition. Data are presented 
for effect of heat treatment and working 
on mechanical properties, tensile prop- 
erties at sub-normal and elevated tem- 
peratures (—182 to 538C), creep, fa- 
tigue and corrosion fatigue for alumi- 
num bronzes with 4.56-5.5 percent nickel. 


Tables —INCO. 10463 


6:36, 3.2.3; 3.4.3 

The Oxidation of Copper Sheet at 
400C. K. Lonperc AND F. WotstTEIN. Z. 
Metallkunde, 46, 734-737 (1955) Oct. 

Oxidation tests on high-purity elec- 
trolytic copper sheet showed marked 
relationship between degree of cold roll- 
ing and rate of oxidation. Parabolic rate 
law of oxidation was obeyed by highly 
deformed sheet, but lightly rolled sheet 
required annealing before following same 
behavior. Influence of texture and defor- 
mation stresses is discussed, Interpreta- 
tion of results is given (relation between 
internal stresses and chemical potential 
of copper.—INCO. 10860 


6.3.6, 6.3.2, 6.3.8, 6.3.14 

Methods of Corrosion Protection of 
Modern Anti-Friction Alloys. (In Rus- 
sian.) B. V. Losrxov. Vestnik Mashino- 
stroeniia, 35, No. 8, 58-60 (1955) Aug. 
Corrosion process of copper, cadmium, 
lead and tin alloys; factors inducing 
corrosion; methods of protection. Tables. 
9 references.—BTR. 10448 
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At a huge new sports stadium in Minnesota... 
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“SCOTCHRAP” rolls on easy 
...even in zero weather ! 


“Scotchrap” conforms smoothly, handles easily at high 
or low temperature — and the pressure-sensitive adhesive 
sticks tight, too — even at 0°-10°F! 


Johnson, Drake & Piper, Inc., General Contractors on 
the new Metropolitan Sports Stadium near Minneapolis, 
Minnesota, prefer “Scotchrap” Brand Pipe Insulation for 
these reasons — and many more. You see, there’s no 
danger when applying “Scotchrap”. No special equipment 


REG. U.S. PAT. OFF. 


is needed. Just roll it on, and corrosion is sealed out. 


“Scotchrap” is a tough vinyl plastic tape that resists 
abrasion above or below ground, resists galvanic and 
electrolytic action, resists damage from oil, water, acids, 
alkalies, weathering and sunlight. Make sure you get the 
tape with the green adhesive. 


Sold by the square in 1”, 2”, 4”, 6” and 8” widths — 
100-foot rolls. Order a supply today! 


SCOTCHRAP Pipe Insulation 


BRAND 


The term “SCOTCHRAP®” is a registered trademark of Minnesota Mining and Manufacturing Company, St. Paul 6, Minn. Export 
Sales Office: 99 Park Ave., New York 16, N.Y. In Canada: P.O. Box 757, London, Ontario. 
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6.3.6 

Impurities in Copper-Base Alloys. 
F. J. Versact. Foundry, 83, No. 12, 98- 
107 (1955) Dec. 

Survey of the effects, detection and 
removal of impurities: information is 
taken from the literature (47 references) 
and from data supplied by nearly 100 
U. S. foundries. Effect of fluxes; detec- 
tion, effect and if necessary the removal 
of traces aluminum, antimony, iron, lead, 
nickel, phosphorous, manganese, silicon, 
sulfur, tin, zinc and various gases.— 


BNF. 11852 


6.3.6 

Rate of Solution of Copper in Solu- 
tions Containing Sulfuric Acid and Cop- 
per Sulfate Under Conditions of Con- 
stant Saturation of the Solution with 
Oxygen. A. I. Kinevsxu. J. Applied 
Chem., USSR (Zhur. Priklad. Khim.), 28, 
No. 10, 1113-1116 (1955) Oct. 

Above studied over wide range of 
concentrations used in manufacture of 
copper sulfate. Two tables, one figure, 
four references.—ATS. 11758 

Translation available: Associated Tech- 
nical Services, P. O. Box 271, East 
Orange, New Jersey. 


6.3.6, 3.7.2, 3.5.8 

Effect of Zirconium and Titanium on 
Intercrystalline-Cracking Tendency of 
Beta-Brasses. E. C. W. PERRYMAN AND 
R. J. Goopwin. J. Inst. Metals, 83, Pt. 8, 
378-382 (1955) April. 

Sustained tensile stress and impact 
tensile tests in 3% sodium chloride were 
used to evaluate addition of small amounts 
of zirconium and titanium on beta brasses. 
Effects of other alloying additions. 

11836 


6.3.6, 3.7.2, 3.5.8 

Intercrystalline Fracture of Beta- 
Brasses Containing Aluminum. F. C. W. 
PERRYMAN. J. Inst. Metals, 83, Pt. 8, 369- 
377 (1955) April. 

Intergranular failures occurring in bi- 
nary and ternary beta brasses are dis- 
cussed. Effects of aluminum may, in 
part, be exercised through some modifi- 
cation of grain boundary structure.—BL. 

11764 


6.3.6, 3.7.4, 3.5.8 

Galvanic Potentials of Grains and 
Grain Boundaries in Copper Alloys. R. 
BakisH AND W. D. Rosertson. J. Electro- 
chem S0C:. 103, No. 6, 320-325 (1956) 
June 

Potentials of grains and grain bound- 
i were measured in pure copper, 
CusAu and in alpha brass; the three 
represent the structural grain 
boundary in a pure metal, an alloy in 
which only one component is oxidized 
and an alloy in which both components 
are oxidized. Potentials were measured 
in ferric chloride and in aqueous ammo- 
nia, the former representnig an electro- 
lyte in which only CusAu is susceptible 
to stress cracking and the latter repre- 
senting conditions in which brass is sus- 
cetpible to stress cracking. In general, 
it was found that the measured poten- 
tials could be correlated directly with 
observed structural changes and suscep- 
tibilitv to stress corrosion cracking. 


11901 


artes 


cases 


6.3.6, 3.8.4, 3.2.3, 3.4.6 

Oxidation of Oxygen-Free High Con- 
ductivity Copper to Cu.O. J. P. Baur, 
D. W. Bripces ano W. M. FAsseELL, JR 
J. Electrochem. Soc., 103, No. 5, 273-281 
(1956) May. 

The effect of oxygen upon the oxida- 
tion behavior of OFHC copper was 


38a 


studied under conditions that assured that 
the involved system is copper/cuprous 
oxide/oxygen. Oxidation rate was cor- 
related through use of two parallel re- 
action rates: a) a diffusion step (result- 
ing in a pressure sensitive parabolic 
constant, K,), and b) a phase boundary 
reaction (pressure insensitive). Applica- 
tion of the equation: Kp = const. (Po:)*" 
led to values for n: 950 C, n=2.0; and 
1000 C, n= 3.4. Theoretical considerations 
are outlined to emphasize that surface site 
saturation will lead to a cessation of the 
increase in Ky with increased oxygen pres- 
sure when the oxygen concentration and 
adsorption potential are sufficient to ac- 
commodate oxygen on all available sites. 
Photomicrographs of the growth of 
cupric oxide on cuprous oxide are included. 

11903 


6.3.8 

The Electrochemical Behaviour of 
Lead: Corrosion, Cathodic Protection, 
and Passivation. J. VAN MUYLDER AND 
M. Poursarx. Proc. 6th Meeting Internat. 
Cttee. Electrochem. Thermodynamics and 
Kinetics (Poitiers, 1954), 1955, 334-341. 

An experimental study, by means of 
polarization curves, has been made of 
the effect of electrode potential and pH 
on the electrochemical behavior of lead 
in the presence of SO, C:H3:0.7, PO,*, 
CO;*, and OH-, at pH O-14. In C.H;0; 
or OH? solutions, any oxidizing action 
causes corrosion; in SO, CO;*, or 
PO,*, a slight oxidizing action causes 
corrosion, but a strong one protects by 
passivation.—MA. 11851 


6.3.8, 3.8.2 

Cathodic Corrosion and Protection of 
Lead. J. VAN Muytper AND M. Poursatx. 
Proc. 6th Meeting Internat. Cttee. Elec- 
trochem. Thermodynamics and Kinetics 
(Poitiers, 1954), 1955, 342-349; disc., 
349-350. 

The behavior of strongly negatively 
polarized lead in the presence of un- 
stirred and vigorously stirred solutions 
has been studied. With unstirred solu- 
tions of any composition, lead can cor- 
rode cathodically if its potential < 2.1 V. 
(against the normal hydrogen electrode) ; 
the final product of corrosion is lead in 
fine particles which detach from the 
cathode as a greyish-black cloud. Ca- 
thodic corrosion probably results from 
the transient formation of gaseous PbHz,, 
which decomposes rapidly into finely di- 
vided lead and hydrogen; its standard 
free energy of formation is calculated to 
be + 69.5 £4.5 kg.cal./g.-mol.; the stand- 
ard electromotive force of the reaction, 
Pb + 2H* + 2e > PbH:, lies between —1.42 
and —1.60 V. Although this work has 
shown that pure lead may sometimes be 
corroded if it is strongly polarized ca- 
thodically in aqueous solutions, these 
results should not be applied to the be- 
havior of lead in soils. MA. 11783 


6.3.8 

Absorption of Hydrogen by Lead and 
by Its Alloys with Magnesium and 
Calcium. (In German.) W. MANNCHEN 
AND M. BAUMANN. Metall, 9, No. 15/16, 
686-688 (1955) August. 

In view of the improved properties of 
lead on addition of traces of tellurium, 
selenium, arsenic and lithium, which 
form hydrides, authors suspect that 
presence of hydrogen may be a contrib- 
utory cause of the improvement. Pres- 
ent paper, an introductory one, describes 
investigations showing that hydrogen is 
not present in electrolytic or work lead 


Vol. 13 


(even after melting under hydrogen), 
or in lead-copper up to 1 percent coppe: 
(higher contents may lead to hydrogen 
absorption). Lead-magnesium alloys u 
to 17 percent magnesium show an in- 
creasing ability to absorb hydroge: 
which authors connect with the phase 


Mg:Pb.—BNF. 1088 + 


6.3.8 

Lead Reference Sheet. Part II. Kemp- 
ton H. Roti. Lead Industries Association. 
Chem. Eng. Progress, 51, 104F (1955) 
Feb. 

The corrosion characteristics of lea 
to a large number of acids, alkalies 
their salts, gases and organic material 
are tabulated. These corrosion resist 
ance characteristics are reviewed in re 
lation to the application of lead to 
group of industrial processes.—NSA. 

1055s 
6.3.9 

Protection of Molybdenum at High 
Temperatures, L. F. Yntema. J. Electro 
chem. Soc., 102, No. 7, 172C-173C (1955 
July. 

Possible methods of protecting molyb 
denum components for use in jet engines 
are indicated: ceramic coatings, nicke 
cladding, silicide coatings, hot dipped 
aluminum-silicon coatings—BNF. 11048 


6.3.9, 3.8.4, 3.5.9 

Kinetics and Mechanism of the Oxi- 
dation of Molybdenum. M. SIMNAD AND 
Arya Sprtners. J. Metals (Trans. AIME), 
7, No. 9, Section 2, 1011-1016 (1955) 
September. 

The rates of formation of the different 
oxides on molybdenum in pure oxygen 
at 1 atm. pressure have beenn deter- 
mined in the temperature range 500 to 
770C. The rate of vaporization of MoOs 
is linear with time and the energy of 
activation for its vaporization is 53,000 
cal per mol below 650C and 89,600 cal 
per mol at temperatures above 650C. 
The ratio MoOsavaporizing)/ MoOacsurtace) 
increases in a complicated manner with 
time and temperature. There is a maxi- 
mum in the total rate of oxidation at 
600C. At temperatures below 600C, an 
activation energy of 48,900 cal per mol 
for the formation of total MoOs on 
molybdenum has been evaluated. The 
suboxide MoQOs; does not increase be- 
yond a very small critical thickness. At 
temperatures above 725C, catastrophic 
oxidation of an autocatalytic nature was 
encountered. Pronounced pitting of the 
metal was found to occur in the tem- 
perature range 550 to 650C. Marker 
movement experiments indicate that the 
oxides on molybdenum grow almost en- 
tirely by diffusion of oxygen anions. 
(auth). —NSA. 11007 


6.3.9 

The Tensile Properties of Molybde- 
num at Elevated Temperatures, J. W. 
PucHu. Trans. Am. Soc. Metals, 47, 984- 
1001 (1955). 


Short-time constant-rate tensile and 
long-time creep tests were carried out 
on as-swaged and recrystallized molyb- 
denum (0.05 carbon, 0.003 oxygen, 0.001 
nitrogen, 0.003 percent hydrogen) from 
room temperature to 1140C; results in- 
dicate that a strengthening phenomena 
depending on temperature and _ strain, 
such as strain ageing, is responsible for 
its excellent strength properties at high 
temperatures.—BNF., 10629 


6.3.9, 3.7;3 
Part I, Arc-Cast Molybdenum: Better 
High Temperature Properties. Part II. 
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How to Work Arc-Cast Molybdenum, 
Iron Age, 176, Nos. 5, 6, 79-81, 95-97 
(1955) August 4, August 11. 

Part I, Arc-cast molybdenum, molyb- 
denum-0.3 niobium, molybdenum-0.5 ti- 
tanium, molybdenum-1 vanadium and 
molybdenum-2 tungsten are produced 
commercially in ingots up to 9 inches 
in diameter, Properties of arc-cast and 
powder metallurgy molybdenum are com- 
pared; high temperature and mechani- 
cal properties of molybdenum; corrosion 
resistance, Part IJ]. Hot working, draw- 
ing, spinning, machining, cutting, grind- 
ing, welding and brazing of molybdenum 
and alloys.—BNF. 10799 


6.3.10, 3.8.2, 5.3.4 

Electrochemical Behavior of Nickel. 
Voltage-pH Equilibrium Diagram of the 
Nickel-Water System at 25C. Corrosion 
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of Nickel; Nickel] Plating; Nickel Stor- 


age Batteries. (In French.) E. DEt- 
TOMBE, N. bE Zousov AND M. PourBArx. 
Centre Belge d’Etude de la Corrosion, 


Rapport Technique, No. 23, June, 1955, 
28 pp. Available from Centre Belge 
d’Etude de la Corrosion, 21 rue des 
Drapiers, Brussels, Belgium. 

Study of electrochemical behavior of 
nickel by means of a voltage-pH equi- 
librium diagram, Conclusions are drawn 
relative to corrosion, general properties 
of nickel and its oxides, electrochemical 
and chemical deposition and to the 
functioning of nickel alkaline storage 
batteries. Tables, diagrams. 61 references. 
—BTR. 10529 


6.3.10, 8.8.1 
Alloys in Your Plant Can Give You 
Product Purity, Physical Strength, Cor- 














based on work by The Pure Oil Co. 
Oil and Gas Journal 54 No. 29, 135 (1955) 
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rosion Protection, Erosion Resistance. 
R. L. Davinson. Petroleum Processing, 
10, No. 9, 1393-1395 (1955) Sept. 

Use of nickel and high nickel alloys 
to combat specific corrosion, erosion, 
and purity problems in petrochemical 
processes. Included are Incoloy, Inconel 
and 310 stainless furnace tubes in ethyl- 
ene pyrolysis and synthetic gas manu- 
facture; pure nickel vessels and Dura- 
nickel extrusion dies in PVC manufacture; 
nickel, nickel-cladding and nickel-plating 
in polyethylene manufacture and phenol 
handling; nickel domes to collect chlo- 
rine in sodium chloride electrolysis, as 
well as Monel linings, stainless steel 
and Monel tanks in tetraethyl lead 
manufacture; Monel, Hastelloy and stain- 
less steel in production of synthetic 
detergents; and Inconel mixing jets, 
nickel piping, and Monel centrifuges in 
synthetic glycerine manufacture. (From 
interview with Inco technical staff mem- 
bers.) —INCO. 10737 


6:3:10,3:23 

Oxide Scaling on Nickel. (In Polish.) 
LucyAN CZERSKI AND FRANCISZEK FRANIK, 
Archiwum Gornictwa 1 Hutnictwa, 3, No. 
1, 43-68 (1955). 

Mechanism of scale formation at high 
temperatures; chemical composition and 
micro-structure of scale at various depths. 
Experimental method involves use of a 
“witness” metal (platinum wires) in fol- 
lowing the scaling process. Diagrams, 
micrographs, tables. 24 references—BTR. 

11928 


6:3.10,'3.7.3 

The Heating of Nickel. Brochure, 
1955, 47 pp. Mond Nickel Co. Ltd., 
Thames House, Millbank, London, S.W.1. 

Indicates how intergranular attack by 
sulfur and oxygen on heated nickel takes 
place and how nickel surfaces can be 
contaminated with sulfur before or during 
heating. Precautions to be observed in 
heating for hot forming, annealing, or 
welding are emphasized; thus oil, fin- 
gerprints, etc., must first be removed by 
some cleaning procedure, Examples of 
chemical plant made in nickel or nickel- 
clad steel are given.—BNF. 11904 


6.3.11, 6.3.6, 5.8.2 

Chlorophyll Keeps Silver and Copper 
Bright. Department of Scientific and 
Industrial Research. Typescript, Febru- 
ary 9, 1955, 1 p. Available from DSIR, 
15 Regent Street, London, S W. 1. 

It has been found at the Chemical 
Research Laboratory, Teddington, that 
wrapped silver and copper and _ their 
alloys remain untarnished in atmos- 
pheres containing a high proportion of 
hydrogen sulfide if their wrappings are 
impregnated with chlorophyll. In the 
case of atmospheric hydrogen sulfide, it 
is sufficient if the metals are laid on 
chlorophyll paper, tarnish being pre- 
vented for some time. Chlorophyll (the 
green coloring matter of plants) absorbs 
hydrogen sulfide.—BNF. 10533 


6.3.15, 1.6 

Physical Metallurgy and Heat Treat- 
ment of Titanium Alloys. RicHArp J. 
McCuintick, G. WILLIAM BAUER AND 
Lee S. Busco. Book, 1955, 60 pp. Avail- 
able from: Mallory-Sharon Titanium 
Corp., Niles, Ohio. 

This monograph relates to the char- 
acteristics of titanium and titanium al- 
loys produced by the vacuum double 
melting Method S which assures alloy 
segregation and permits holding carbon 
and gaseous contaminants to very low 
limits. Five grades are considered. Data 
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presented are based on an investigation 
carried out under a Navy contract. 

The introduction covers nomenclature 
of phases, classification, interstitial im- 
purities and other matters. The second 
part pertains to hardening theories while 
the third covers annealing. Hardening 
data include discussions relating to alpha 


alloys, martensitic type alloys and met- 
astable beta alloys. 

Forty-two references and a_ subject 
index are included. 11819 


6.3.15, 3.5.9 

How Titanium Alloys Behave at High 
Temperatures. D. R. Luster Anp B. L. 
SHAKELY, Iron Age, 175, No. 12, 96-99 
(1955) March 24. 

Tests by Rem-Cru Titanium, Inc. to 
determine behavior of titanium at tem- 
peratures up to 1000 F. Effects of alloy- 
ing elements are given. Discussion of 
notch sensitivity characteristics, fatigue 
properties and effect of various strain 
rates and temperatures on observed 
strength of titanium alloys included.— 
BL. 11880 


6.3.16, 3.5.7, 3.5.9, 3.8.4 


High Pressure Oxidation of Metals— 
Tungsten in Oxygen. J. P. Baur, D. W. 
3RIDGES AND W. M. FaAsseELt, Jr. J. Elec- 
trochem. Soc., 103, No. 5, 266-272 (1956) 
May. 

Tungsten rod and sheet were found to 
oxidize linearly in oxygen from 600 to 
850 C at oxygen pressures ranging from 
20 to 500 psia. Oxidation rate increased 
with increased oxygen pressure at tem- 
peratures 750-850 C. Theoretical con- 
siderations indicate that an equilibrium 
adsorption process occurs prior to the 
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rate-determining step. The assumption 
of a linear change of adsorption energy 
with increase of surface coverage al- 
lowed observed oxidation rates to be 
corrected for pressure effect. The acti- 
vation energy was 48 kcal. Tungsten 
sheet volatilization losses were appreci- 
able above 800 C. Only tungsten rod 
data were free from volatilization losses 
at 850 C. Photographs are included 
showing the effect of shearing samples 
at room temperature prior to oxidation 
on the final physical appearance of the 
oxide. Cold shearing produces exfoliated 
tungsten oxide. 11795 





6.4 Non-Ferrous Metals 
and Alloys—tLight 





6.4.1, 2.5, 1.6 


ASTM Standards on Light Metals 
and Alloys. Book, December, 1955, 276 
pp. American Society for Testing Materi- 
als, 1916 Race St., Philadelphia 3, Pa. 


Numerous specifications are given on 


aluminum and aluminum-base alloys, 
including ingots, castings, bars, rods, 
wire and shapes, forgings, pipe and 


tubes, sheet and plate, wrought products 
for electrical purposes, filler metal, elec- 
troplating; magnesium and magnesium- 


base alloys, including ingots, castings, 
bars, rods and shapes, forgings, sheet, 
tubes. 


Tentative methods of tension testing 
of metallic materials and standard meth- 
ods of sampling wrought non-ferrous 
metals and alloys for determination of 
chemical composition are included. 
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ONE COAT KILLS RUST! 


instant-dry 
METAL COAT 








instant-dey 
ENAMEL 


8 Rusted or damp surfaces painted safely 

e Highly resistant to chemicals 

@ Needs no undercoat on bare metals 

@ Colors: Metal Coat — 8, Enamel — 30 

© Quick drying eliminates costly plant shutdowns 


Write today for your free copy of the Paint 
Selection Check Chart and also for details on our 
special 30-day get acquainted offer. 


THE WILBUR & WILLIAMS CO. 


BOSTON (BRIGHTON) 35, MASS. 
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A paint testing area of The Dow Chemical Company 


CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Chemical structure of Dow Resin 565 
proves key to improvements in alkyds 


It’s small on paper—the center part of 
this formula. But it provides big im- 
provements in alkyds. That’s why Dow 
offers 565 as an ideal building block 
for the finest alkyd vehicles. 


You'll like the way Dow Resin 565 adds 
superior chemical resistance, gloss and 
exterior durability. By building these 
properties into the alkyd with this in- 





YOU CAN DEPEND ON 


termediate, you may eliminate later 
additions to paint formulations. 


Let Dow Resin 565 add new sales- 
appeal to your vehicles and paints. 
Dow Coatings Technical Service is 
available to help you. Phone, wire or 
write THE DOW CHEMICAL COMPANY, 
Midland, Michigan—Plastics Sales De- 
partment PL1894D., 


Vol. 13 
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HERE’S HOW DURIRON 
ended yearly anode replacement 


INSPECTION RESULTS AFTER 440 DAYS’ SERVICE 


Total 






Weight Consumption Current Density 
— wee Loss Rate (Amps. per 
3 (Ounces) Lbs./Amp./Yr. Square Foot) 






(Ampere Hrs.) 















] 0.21 to 0.28 
2 3181 "a 0.086 0.20 to 0.27 
3 3600 2 0.300 0.22 to 0.30 
4 3000 V4 0.045 0.17 to 0.23 
5 3400 lV, 0.240 0.22 to 0.30 






0.14 to 0.21 






*Original test Duriron anode after 751 days in service. 





Two 2500 gallon storage tanks had been 


‘cathodically protected with aluminum anodes, 


which had to be replaced annually. In a trial 
installation, a single DURIRON anode was in- 
stalled in parallel with fifteen aluminum anodes 
for a test period of 311 days. At the end of this 
period, the test was so successful that a com- 
plete DURIRON installation was made. 
After 440 days of actual service, six of the 
DURIRON anodes were inspected. The results 
of this inspection are tabulated above. Anode 


No. 6 in the table is the original test anode, 
which at the time of this inspection had been 
in operation for 751 days. Is the customer satis- 
fied? Sure! Who wouldn’t be satisfied with per- 
formance like this? 

If you use anodes for cathodic protection, 
DURIRON ANODES will probably do a better 
job for you. We'd like to prove this to you. 
Just call or write: THE DURIRON 
COMPANY, INC., Dayton, Ohio. Telephone: 
KEnmore 2121. 














ARRANGEMENT OF ANODES IN TANKS 





DURIRON 


impressed current 
ANODES 


INC., 







OHIO 


THE DURIRON COMPANY, 


DAYTON, 


For the economical control of corrosion in tough 
spots like the acid bath shown above, new Pitt 
Chem Tarset has no competition! No other pro- 
tective coating on the market today offers you 
the broad corrosion-resisting properties and 
relative low cost of this unique coal tar-epoxy 
resin coating. 

Tarset offers unusual resistance to most acids, 
alkalis and salts. It is especially recommended 
for the protection of storage tanks, precipitator 
tanks, bulk material conveyors and similar equip- 
ment where corrosive conditions are severe. 


Tarset does not shatter or loosen when subject 
to extreme impact tests. And it actually becomes 
harder at elevated temperatures! It can be applied 
by spray, brush, or roller. 

What can Tarset do for you? If you have a 
stubborn corrosion problem that must be solved 
within a definite maintenance budget, Pitt Chem 
Tarset may be your answer. We'll be glad to 
send you complete technical data and samples 
for testing. 


Send for Descriptive Booklet 
on TARSET today 


Free booklet tells how to use amaz- 
ing new Tarset to reduce costly 
corrosion. Gives detailed descrip- 
tion of Tarset’s specifications, prop- 


erties and application character- 


WSW 6177 


istics. Write for your copy today! 


COAL CHEMICALS © PROTECTIVE COATINGS © PLASTICIZERS 


* ACTIVATED CARBON © COKE © CEMENT © PIG IRON 





